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THE CHEMICAL SOCIETY 


Order of Substituents denoted by Prefixes in the Names of Organic Compounds. 


The Chemical Society will, in future, adopt an alphabetical order for prefixes denoting 
substituents in organic chemical compounds. This change from present practice will be » 

over several issues of the Journal as it is not practicable to alter the papers which are already 
in hand. Authors are, however, requested to see that manuscripts submitted in future conform 
to the new practice. 

This order for prefixes is governed by the following principles, which follow in general those 
adopted in Chemical Abstracts except for differences in nomenclature, spelling, italicising, or 
punctuation. In these last respects current practice in the /owrnal is not affected. 

Clarendon (black) type is used below to indicate alphabetical order; it will, of course, not be 
used for this purpose in ordinary publications. 


(a) The names of substituents cited as prefixes are arranged alphabetically, regardless of the 
number of each, as in : 
o-bromoshlorobenzene 
: 2-diphenylquinoline 
3-amino-4-nitro-2-naphthol 
ethylmethylphenyicarbinol 
(b) A compound radical name is treated as a unit. Thus  methylamino " is arranged under m, 
dimethylamino under d, 3-amino-4-nitro-2-naphthy! " under a, Cf. 
2-ehloro-3-dimethylamino-4-hydroxy pyridine 
2-(3 5-dinitropheny!)-3-ethylnaphthalene 
2-(3 : 5-dinitropheny]) -3-pitronaphthalene 
(¢) The above two rules may be combined as in : 
2-ehloro-1 4-bisdimethylamino-3-ethylnaphthalenc 
2-ehloro-3-ethyl-1 4-bismethylaminonaphthalene 
(d) Within a compound radical name, the alphabetical order is applied, when necessary, as in ; 
2-(3 5-dinitro-4-ethylphenyl)furan [or 4-ethyl-1-(2-furyl)-3 5-dinitrobenzene] 
(e) Ordinary indexing rules are used; ¢.g., short names precede longer ones with a similar 
beginning (methy! before methylamino, chloro before chloropheny!, etc.), as in : 
2-methy!-1-methylaminonaphthalene 
1: 1: 1-triehloro-2 
(f) “ Hydro ” prefixes are arranged as beginning with h, although they do not, strictly speaking, 
denote substituents; ¢.g., 
l-ethyl-1 : 4-dihydro-4-methylnaphthalene 
(g) All atoms or rings forming part of the fundamental chain or ring system are written as part 
of the fundamental name and are not movable (the alphabetical order applies only to substituents 
and to the addition of hydrogen); ¢.g., 
S-nitro-3 4-benz-2-quinolyl (not 3: 4-benz-8-nitro-2-quinoly]) 
1:2: 3: 4-dibenzanthraquinon-6-y! (under 
3-nitroindolo(!’ ; 2’-1 : 2)quinoline (indolo is not a substituent) 
3: 6: 0-triazaundecane (the system is indivisible) 
(4) Similarly, the customary order of citation of hetero-atoms in rings or chains is unattected ; 
1:3: 4-oxadiazole (not 3: 4: 1 -diazaoxole) 
(:) Syllables which indicate a change other than substitution are not detachable. Examples 
are 2-deoxyglucose (removal of oxygen), de-N-methylthebainone (removal of methyl), dehydro- 
cholesterol (removal of hydrogen; contrast rule 4 above). 


U) Ie names consisting of more than one word separated by a space, the order laki down by the 
rules of nomenclature is unaffected, in other cases the order is alphabetical in such cases also. 

@thy! methy! adipate 

methyl hydrogen phthalate 

e@thy! phenyl ketone 

Buty! ether 

1.2: 5°) 6disepropylidene 3-toluene-p-sulphony! glucose 

2. Sanhydro 6-Benzylidene a-methylmannoside 
(4) ltaleised prefixes are neglected when assembling substituents, but momeric substituents 
are arranged in alphabetical order of the italicised prefixes, except that iso follows directly after 
and o- precedes m-. E.g., eyclohexy! is arranged under h, isopropyl ander p, n-propyl! under 
allogholestery| under The order for isomers is, ¢.g., n-batyl, isobutyl, sec.-butyl, fert.-butyl, 
and ochloropheny!, m-chloropheny!, p-chloropbeny!. 
()} Use of the alphabetical order does not affect the rule that one functional group, tf present, 
should normally be cited as a suffix; «.. 

2-ehloro-3- methyl yclohexane. I-carboxyhic acid. 


(w) Exceptions may be made when essential for clarity (¢.¢., methvichleroarsine) or when the 
name of a substituent has become merged into that of another growping so as to form virtually a 
trivial name (¢.g., propylnitramine). 

(n) Differences from American practice (cf. above) are exemplified by diphenyly! (not biphenyly!) 
teepropy! (not iepropy!l), iseexazolyl (not tmoxazolyl), glyoxaliny! (not imidazelyl), keto (not 
oxo). 
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THE CHEMICAL SOCIETY 


SCIENTIFIC MEETINGS DURING JUNE, 1950 


LONDON. 
Thursday, June ist, 1950, at 7.15 p.m. 
Meeting for the reading of papers. 
Professor C. K. Ingold will present a summary of his papers entitled, “ Nitration 


and Nitrating Agents,” describing some of the work forming part of a 
series of papers recently submitted for publication. 


To be held at Burlington House, Piccadilly, W.1. 


OXFORD. 
Monday, June 5th, 1950, at 8.15 p.m. 


Alembic Club Lecture, Catalysis on Oxides, by Professor W. E. Garner, C.B.E., 
D.Sc., F.R.S. 


To be given in the Physical Chemistry Laboratory, Oxford. All Fellows are invited, 
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PROCEEDINGS 


CHEMICAL SOCIETY 


Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, on March 16th, 1950, at 7.15 p.m. 


Dr, J. Kenyon, F.R.S., Vice-President, was in the Chair. 
MINUTES. 


The Minutes of the meeting held on Thursday, March 2nd, 1950, at the Imperial College 
of Science and Technology, were read, and were confirmed and signed. 


The following were admitted Fellows of the Society : D. H. Derbyshire, D. B. Schaverien, 


A. T. Carpenter, K. J. Heritage, S. M. Budd, Basil Skinner, S. Cosgrove, C. Wickham- Jones, 
D. J. Whittingham, D, D. Brown. 


SCIENTIFIC COMMUNICATIONS. 
The following papers were read and discussed : 
“ The Significance of the Bromine Cation in Aromatic Substitution,’ by D. H. Derby- 
shire and W. A. Waters. 
Part I. “ Kinetic Evidence.” 
Part If. “ Preparative Applicability.” 
“ The Kinetics of Aromatic Halogen Substitution. Part VII. Nitrosobenzene and 
Azobenzene,”’ by P. W. Robertson, T. R. Hitchings, and G. M. Will. 
“ The Effect of Bond Structure on the Transformation of o-Aroyloxyacetoarones into 
o-Hydroxydiaroylmethanes—Baker-Venkataraman Transformation,” by N. V. 
Nowlan, P. A. Slavin, and T. S. Wheeler. 


OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regret to announce the deaths of the following Fellows : 
Died. 
(w in) Aug. 10th, 1949. 

Sir Wiliam Herbert Fletcher Armstrong 

(Lehore) May Ist, 1919. Feb. =. 1950. 
Hareld Eugene Bigelow (New Brunswick) Feb. 21st, 1929. 
— Reid Campbell (Glargow) une 19th, 1941, Feb. on. 1950. 
ier 


mann Carl Flemcher (Swanley) Sept. 17th, 1942. August, 1949. 
May Sth, 1004. Feb. 2ist, 1950. 
Robert Tatlock Thomson (Glasgow) May 4th, 1899. Feb, 20th, 1950. 
Willem Palmer Wynne (Urmston) (. May 7th, 1885. Feb. 16th, 1950. 
1892-06; S. 1808-09, 1903-05; V. P. 
1905—O8, 1918—21, 1925—28, 1929—-32, 
1933-36, 1937-48, P. 1923-25. 


CONGRATULATIONS. 


The President has conveyed the congratulations of the Council to Mr. John S. 
Lumsden, Dundee, who completed 60 years of Fellowship on March 6th, 1950. 
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ELECTION OF FELLOWS. 
The following 95 candidates were elected Fellows of the Society on March 16th, 1950 : 


Rowan Stanley Large. 
Allerton. David Lawton. 
Beesley. Peter Lees. 


Walter John Le Quesne. 
Alon Looe 


ohn Currah Crawhill. Desmond William Neill. 
ohn Henry Cundall. Ronald Walter Brown Nurse, 
ohn Arthur Melfryn Davies. Brenda Prestt. 
ys Glyn Davies. Alin Millam Pryde. 
Wi wson. Geoffrey Norman Richards. 


William Robert Richards. 


ames Henry Dunsmuir. 


ohn Thomas Edward. uhammad Alawi Shatry. 
revor Ellerington. Richard Sidlow. 
David Darwin Evans. David Stephens. 
Milton Farber. Harold Gordon Suggate. 
Richard Ferrior. Bryan Ernest Tabor. 
Kenneth Fleming. Harold Tauber. 
in Howard Ludlow Goodman. Arthur Derrick Thomas. 
Robert Philip Graber. Mrs. Christina Macgregor Thomson. 
Otto Ludwig Grosskinsky. Samuel — Thomson, 
William Ware Harpur. Max H. ton. 
Charles Esdon Henderson. Bert Mills Tolbert. 
Lyle Kermit Herndon. Victor Denis Tughan. 
ames Alexander Barry Heslop. Leonard Turner, 
i arry Thurston Hookway. Clarence Taylor Van Meter. 
William Clarke ——e Denys John Vo den. 
Jon Rosindale Housley Cyri 
ohn Sylvan H ack William W . 
Ernest Chores Groves Neville 
Ernest Chorles Groves Jelfs. Williams. 
Maurice 
William Peter Robert Jones. Freakin Yost. 


Charles Frederick Kade, jun. 


COMMITTEES 


The thanks of Council have been conveyed to the retiring Members of Committees for 
the services they have rendered to the Society. - The following have been appointed for 
1950—51 : 


Finance and General Purposes Committee. 
Dr. H. J. Channon, Sir Ian Heilbron, Professor R. P. Linstead, Professor T. S. Moore, 
Mr. J. R. Park, Dr. W. D. Scott, Sir John Simonsen, Dr. D. T. A. Townend, together with 
the Officers, the Chairman of the Publication Committee, and the representative of the Joint 
Library Committee on the Council of the Chemical Society, with the President as Chairman, 
Treasurer as Vice-Chairman, and the General Secretary as Secretary. 
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} Margaret Alcock. Manfred Landau. 

} 
ack Gorman Bell 

} une Annette Beton. ames Little. 

q ichard Charles Blake. rank Lord. 

. Herbert Leon Bradlow. Neil McFarlane. 

i Henry Brown. Hector Douglas Mackenzie. 

Edward Raymond Clark. Charles — Richard Meelboom. 
Donald John Cole. Rudolf Merian. 

— Louise Cole. Peter ae « 

, n McIntyre Comrie. Gervaise nig Milward. 

Ronald lan Talbot Cromartie. Francis Nigel Arnold Mummery. 
Alexander Clark Doull. Benjamin Joseph Hugh Roberts, ‘ 
Helen Simpson Dunsmore. Ernest Clarence Rollason. 
Pe ames Anderson Scott 


Professor A. J. Allmand, . S. Dainton, Professor C, W. 
Davies, Professor M. G. Evans, Professor R. D. Haworth, Professor C. K. Ingold, Professor 
J. Read, Professor E. E. Turner, together with the Officers, ! 
and the General Secretary as Secretary. 


Publication Committee. 
Mr. R. P. Bell, Dr. G. M. Bennett, Dr. F. Bergel, Dr. E. J. Bowen, Dr. A. H. Cook, 
. F.S. a nton, Professor C. W. Davies, Professor M. G. Evans, Dr. D. Li. Hammick, 
Professor R. D. Haworth, Sir Cyril Hinshelwood, Professor R. P. Linstead, Professor H. W. 
Melville, Dr. L. N. Owen, Professor S. Peat, Dr. S. G. P. Plant, Professor J. M. Robertson, 
Dr. F. L. Rose, Dr. H. N. Rydon, Professor C. W. Shoppee, Dr. R. Spence, Dr. D. W. G. 
Style, Professor S. Sugden, Professor A. R. Todd, Dr. J. Walker, Professor W. Wardlaw, 
Professor T. S. Wheeler, Professor F. G. Young, together with the Officers, with Sir Cyril 
Hinshelwood as Chairman, and the Editor as Secretary. 


CORDAY MORGAN MEDAL AND PRIZE. 

The first award consisting of a silver medal and a monetary prize amounting to not less 
than {150 will be made in respect of the year 1949. 

Applications, or recommendations for the award, which should be accompanied by the 
birth certificate of the applicant, must be received not later than December 3st, 1950. 
The rules governing the award, which have been approved by Council are as follows : 


1. The Award shall be known as the Corday-Morgan Medal. 

2. The Award shall be made annually to the chemist of either sex and of British 
nationality who, in the judgment of the Council of the Chemical Society, shall have 
published during the year in question the most meritorious contribution to experi- 
mental Chemistry, and who, at the date of publication, shall not have attained the 
age of thirty-six years. The date of publication of any journal shall be deemed to 
be the date at which the journal was first available to the public. 

3. The Award shall not be made more than once to the same candidate. 

4. The Council may at its discretion suspend the Award in any year in which no 
suitable candidate presents himself or is brought to the notice of the Council. In the 
event of such suspension a sum equal to the income otherwise available for the Award 
in that year shall be invested and added to the capital of the Trust Fund. 

5. The Award shall consist of a silver medal and a monetary prize amounting to 
the balance of the income of the Trust Fund for the year, after payment of the expenses 
incidental to the Award. 

6. No restrictions shall be placed upon the branch of chemistry for which the 
Award is granted, or upon the place in which the work is conducted. 

7. The merits of the work of any candidate for the Award may be brought to the 
notice of the Council either by persons who desire to recommend the candidate or by 
the candidate himself. 

8. Details of the Award shall be published annually in the Proceedings of the 
Chemical Society and elsewhere. 

9. Applications, or recommendations for the Award, accompanied by offprints or 
copies of any published work on which the grant of the Award is to be judged, shall be 
forwarded so that they shall reach the Society not later than the thirty-first day of 
December in the year following that for which the Award is to be made. 

10. Each candidate shall give the names of two persons with a knowledge of his 
work, to whom references can be made by the Society. 

11, The Award shall be presented at a meeting of the Society. 

12. If any doubt shall arise as to the correct interpretation of these rules, the 
matter shall be decided by the Council of the Chemical Society. 

13. The Council may from time to time alter or add to the regulations for the 
administration of the Award, provided that no regulation shall be approved 
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that is contrary to the terms of the Bequest as expressed in the will of the late 
Sir Gilbert T. Morgan. 


The Council have accepted a recommendation of the Finance and General 
Committee that the income arising from the Centenary Fund should be expended 
object of fostering the international intercourse of chemists in the following ways : 


(i) By defraying the expenses of distinguished chemists from overseas invited by 
the Society for the purpose of lecturing to the Society or otherwise taking part in its 
scientific meetings. 

(ii) By defraying the expenses of official delegates appointed by the Society to 
attend scientific meetings overseas, or of Fellows attending meetings of the International 
Union of Chemistry, or of other bodies, as deemed necessary by the Council in the 
interests of the Society. 

(iii) Providing hospitality for members of International Chemical Organisations 
and for foreign chemists visiting this country as individuals or in groups. 

(iv) Defraying expenses incurred in such actions to further the object of the Fund 
as the Council may from time to time determine. 


QUARTERLY REVIEWS—STATEMENT OF POLICY. 

The following statement of policy, prepared by the Publication Committee for sub- 
mission to contributors to the Quarterly Reviews, has been approved by Council : 

The older publications of the Society—the Journal and the Annual Reports—cater 
chiefly for research workers in pure chemistry. The Fellowship of the Society includes, 
besides research workers, chemists of widely different interests, and Quarterly Reviews is 
designed to meet their needs. Review articles should thus be on quite different lines from 
articles in the Annual Reports or papers in the Journal. 

Quarterly Review articles should be readily understood by, and stimulating to, workers 
in another field; for instance, a physical chemist should consider that he is writing for the 
organic chemist, and vice versa. 

Experience has shown that concise and general reviews are much preferred to long or 
highly detailed ones. It is most important that the introduction should show the place 
of the subject in chemistry as a whole, and the fundamental ideas and symbols should be 

so thet a vender now to Gap Geld ene: the to dhe Sufficient 
elaboration, detail, and examples should be given to illustrate the scope and various interests 
of the subject; but articles are not intended as comprehensive reviews, or as media for the 
blication of original work, nor should important older work be omitted. The agreed 
issue of Quarterly Reviews. 

It is appreciated that the methods of treatment of different subjects will vary greatly, 
and it is desired that authors should consider themselves free to develop the article in a way 
congenial to them. Nevertheless, authors will best serve the interests of the Society, and 
at the same time spread a wide interest in the fields of their particular concern, if they bear 
these general principles in mind. 

NOMENCLATURE—ORDER OF PREFIXES. 
The following recommendation of the Publication Committee has been approved by 


“ The alphabetical order of prefixes indicating substituents in the names of organic 
compounds shall be adopted for general use in the publications of the Society, on 
grounds of convenience and ease of applicability. The rules, relating to the order of 
prefixes, at present in use are incomplete, not easy to interpret, and not widely known 
or understood. The alphabetical order, although separating related groups such as 
methyl and ethyl, is free from the above-mentioned ambiguities, is readily applicable 
by all chemists, and has been trouble-free in use in the U.S.A. for several years.” 


| 
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The new order of prefixes is the subject of a leaflet inserted in the April Jowrnal and 
obtainable from the General Secretary (price 3d. each, post free). 
LIVERSIDGE LECTURER. 
Professor H. W. Melville has been appointed Liversidge Lecturer for the Session 1950—51. 


Dr. F. S. Dainton and Dr. F. L. Rose have been appointed Tilden Lecturers for the 
Session 1950—51. 


A Meeting of Council was held on March 16th, 1950. 
Pa The Council stood as a tribute to the memory of Professor W. P. Wynne, a Past- 
, President of the Society, whose death was reported. 
i ees the meeting of the Publication Committee held on February 16th was 


Fae thanks of the Council were conveyed to Mr. R. S. Kinns and Mr. D. Latham for 
gifts of the Society's publications. 

It was reported that Dr. L. E. Sutton had agreed to act as Local Representative for 
Oxford during the absence of Dr. W. A. Waters between April and August, 1950. 

It was reported that Professor W. Wardlaw had accepted an invitation to represent 
the Society at the Jubilee Celebrations of the granting of a Charter to the University of 
Birmingham to be held in May, 1950, 

Certain matters of a formal and financial nature were conducted. 


BUREAU OF ABSTRACTS. 


The Bureau is in urgent need of Abstractors, especially in the organic field, and of those 
with a knowledge of Italian, Russian, or Spanish. The experience is useful, and it is hoped 
that chemists will recognise that abstracting work is a privilege and a responsibility which 
should be accepted by all as a service to chemistry. 

Any who are willing to co-operate in this essential work are requested to write to the 
Editor, Bureau of Abstracts, 0/10, Savile Row, London, W.1. 


MEETINGS OUTSIDE LONDON 
EDINBURGH. 
“ Some Aspects of Photo-oxidation with reference to Chlorophyll,” by Dr. Mowbray 
Ritchie, 


A joint meeting with the local sections of the Royal Institute of Chemistry and the 
Society of Chemical Industry was held in the North British Station Hotel on March 16th, 
1950, with Professor S. J. Watson in the Chair. 

Dr. Ritchie gave a general account of the part played by free radicals in oxidation and 
outlined the most interesting results obtained by himself and his collaborators on the photo- 
oxidation of chlorophyll and carotene. After a lively discussion a vote of thanks, moved by 
Professor E. L. Hirst, was carried with acclamation. 


GLASGOW. 
The Annual General Meeting of local Fellows was held in the Royal Technical College 


on February 24th, 1950, with Professor J. W. Cook in the Chair. 
The following papers were read : 


“Chemical and Biological Properties of Tricothecin, an Antifungal Substance 
from Tricothecium roseum Link,” by Dr. G. G. Freeman, 


TILDEN LECTURERS. 
MEETING OF COUNCIL. 
\ 
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“ Conductivity on Solutions of an Electrolyte of High-valency 
Type,” by Dr. J. C. James. 

; Adsorbent Activity in Chromatography with Organic Solvents,” by Mr. A. 
“ An Approach to the Synthesis of Aspergillic Acid,” by Mr. D, W. C. Ramsay, 

) “ Purines—A New Chapter,” by Dr. A. H. Cook, F.R.L.C. 

A meeting was held in the ic Chemistry Lecture Theatre of The University on 

March 10th, 1950, with Professor F. S. Spring in the Chair. 

After briefly reviewing the classical methods of purine synthesis, the Lecturer indicated 
how the remarkable reactivity of the «-amino-nitriles can be employed to obtain hitherto 
inaccessible aminothiazoles and aminoglyoxalines; the conversion of these compounds into 
purines was demonstrated. The audience was much impressed by the elegence and 

uct. 
After some discussion the thanks of the meeting were conveyed to the Lecturer by 
Dr. I. V. Hopper. 


LIVERPOOL. 


oi aS: The Chemistry of Wilting Diseases,’ by Professor Dr. Pl. A. 
tner, 


A meeting was held in the Chemistry Lecture Theatre of the University on March 7th, 

| 1950, with Professor A. Robertson in the Chair. 
) The Lecturer discussed the interesting chemistry and biological significance of this 
substance and the difficulty of assigning a completely satisfactory structure to lycomarasmin. 
After a discussion a vote of thanks, proposed by Professor R. A. Morton, was carried 
with acclamation. 


“ Heterogeneous Catalysis,” by Professor E. K. Rideal, M.B.E., M.A., D.Sc., F.R.S. 
A meeting was held in the Chemistry Lecture Theatre of the University on March 16th, 
1950, with Professor C. E. H. Bawn in the Chair. 

Professor Rideal delivered a brilliant and stimulating address in which he surveyed 
some of the more recent work concerning heterogeneous catalysis. 

After a discussion a vote of thanks, proposed by Dr. A. Hickling, was carried with 
acclamation. 


NORTH WALES, 


M.A, 


A joint meeting with the University College of Wales Chemical Society was held in the 
Edward Davies Chemical Laboratories, Aberystwyth, on March 9th, 1950, with Dr. 
W. Charles Evans in the Chair. 

After surveying briefly the more important types of naturally occurring indole deriva- 
tives, the Lecturer dealt with the evidence by which it had been shown that the molecule 
of violacein, a bacterial pigment, contained both an oxindole and a 5-hydroxyindole 
nucleus. Studies of the synthesis of monohydroxyindoles made possible the preparation 
of 5 : 6-dihydroxyindole, commonly regarded as the unstable precursor of the melanin pig- 
ments. The recent observation that certain indole derivatives, notably tetrahydro- 
carbazoles, form hydroperoxides was considered in relation to the autoxidation processes 
involved in melanin formation. The chemistry of tetrahydrocarbazole peroxide and of 
the mechanism of the peroxidation process was also discussed. 

An interesting discussion followed, and a vote of thanks, proposed by Mr. E. N. Jenkins, 
was accorded to the Lecturer. 


SHEFFIELD. 
“ The Breakdown of High-polymer Substances,” by Professor H. W. Melville, F.R.S. 
A joint meeting with the University Chemical Society was held in the Chemistry Lecture 
Theatre of the University on February 9th, 1950, with Professor R. D. Haworth in the Chair. 
Professor Melville explained how the thermal decomposition of polymeric material 
could be investigated by measuring the rate of production of volatile material, and correl- 
ating such measurements with changes in the molecular weight of the residual polymer. 
He proceeded to discuss the specific case of methyl methacrylate polymer, and to show that 
an investigation on these lines had yielded much information, with regard to both the 
places at which rupture occurred and the mechanism of the reactions involved. 
ae Lawrence, a cordial vote of thanks was given to the 
urer. 


SOUTHAMPTON. 
“ The Determination of Traces of Elements and Compounds,” by Dr. H. M. N. H. 


A joint meeting with the University College Chemical Society was held in the Physics 
Department of Uaiversity College on March 3rd, 1950, with Dr. A. R. Burkin in the Chair. 

After considering the importance of trace elements in different fields, and mentioning 
methods by which successively smaller amounts of material may be estimated, Dr. Irving 
gave a concise account of the principles of radioactivation analysis and indicated possible 
applications of this new technique. 

Following a discussion, Mr. E. Cartmell proposed a vote of thanks to Dr. Irving for a 
most interesting lecture, and this was accorded with enthusiasm. 


SOUTH WALES. 


“Some Problems in Inorganic Chemistry,” by Professor W. Wardlaw, C.B.E., D.Sc., 
F.R.LC. 

A joint meeting with the Royal Institute of Chemistry and the University College of 
Swansea Chemical Society was held at University College, Swansea, on February 10th, 
1950, with Professor C. W. Shoppee in the Chair. 

Professor Wardlaw dealt inter alia with clathrate compounds, lattice-deficient substances 
such as ferrous sulphide, and the structures of nitrogen dioxide and phosphorus penta- 
chloride. 

” —" Investigations in the Series of Cyclic Imines,” by Professor F. E. King, 
M.A., D.Phil. 

A joint meeting with the University College of Swansea Chemical Society was held at 
University College, Swansea on March 3rd, 1950, with Professor C. W. Shoppee in the Chair. 

Professor King discussed the factors controlling the formation of small heterocyclic 
ring compeunds and the course followed by reduction of pyrroles and related compounds. 
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“ Alkaloids of Daphnandra species. Part III. Micranthine.” By I. R. C. Bick and 
A. R. Topp. 

“ Grape-fruit and lemon gum. Part I. The ratio of sugars present in the gum and the 
structure of the aldobionic acid (4-p-glucuronosido-p-galactose) isolated by graded 
hydrolysis of the polysaccharide.” By J. J. Connen., (Miss) M. 
E. L. Hirst, and J. K. N. Jones. 

*“ Stereochemical studies of olefinic compounds. Part II. The ring scission of §-halogeno- 
tetrahydro-furans and -pyrans as a route to y-ethylenic alcohols of known configur- 
ation and as a method of chain extension by five methylene groups.” By Lesiie 
Crompie and STanLey H. HARPER. 

“ Stereochemical studies of olefinic compounds. Part III. The ring scission of §-halo- 
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Stantey H. Harper. 
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““ Magnetochemistry of the heaviest elements. Part II. The oxides of uranium.” By 
J. K. Dawson and M. W. Lister. 

“ A synthesis of §-anhydrotrimethylbrazilone.” By K. W. Bentiey and Sir Ropert 
Rosinson. 
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“ Synthetical experiments in the chelinonine-sanguinarine group of the alkaloids. Part I.” 
By A. S. and Six Rosert Rosinsox. 

on proteins.” By R. D. Haworta, R. MacGriuivray, and 

“ Colour and constitution. Part I. Basic dyes.” By M. J. S. Dewar. 

“ Aromatic hydrocarbons, Part LIX. The structure of azulenes.” By E. Crar. 

“ Preparation of some derivatives of 4-hydroxybenzamidine.” By M. W. Parrrince. 
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“ Cyclic meso-ionic compounds. Part III. Further properties of the sydnones and their 
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“ Contributions to the chemistry of isoquinolines. Part I]. The synthesis of chloro- 
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“ The Stobbe condensation between benzanthrone and ethyl succinate.” By G. R. CLemo, 
L. Munpay, and G, A. Swan, 
“ Formation of tyrosine melanin. Part 11.” By G. R. CLemo and F. K. Duxevry. 


“The dependence of optical-rotatory on chemical constitution. Part XXXVII. 
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“ The dependence of optical-rotatory power on chemical constitution. Part XLII.” By 
M. P. Batre. 

“ The kinetics of halogen addition to unsaturated compounds. Part XVI. «$-Unsaturated 
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Westey Cocker, B. E. Cross, A. K. Fatrzen, Cyrit Lipman, E. R. Stuart, W. 
Tuompson, and D. R. A. WuyTe. 
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208. Deory-sugars. Part XI, Further Observations on the Dische 
Reaction for 2-Deoxypentoses. 
F. Smarizapen, and M. Stacey. 
that the reaction between 


Tue specificity of the Dische reaction (Mikrochemie, 1930, 8, 4) is based on the fact that 
deoxyribonucleic acid contains 2-deoxyribose, for it is this carbohydrate component which is 
for the reaction with diphenylamine in acetic and sulphuric acids to give the blue 
colour. However, Pirie (Brit. J. Exp. Path., 1936, 17, 269) and others have emphasised that 
great care must be taken in interpreting the results of the test inasmuch as other substances 
For example, reactions with agar and the carbohydrate 
of carragheen moss may give rise to somewhat similar colours, and yet other complex 
carbohydrates such as ovomucoid may also give interfering colour reactions. 

In view of the important réle which deoxyribonucleic acid plays in the nucleal material of 
cells (Mirsky and Pollister, Proc. Nat. Acad. Sci., 1942, 28, 344; Mirsky, “ Advances in 
Enzymology and Related Subjects,” Interscience Publishers, New York, 1043, 3, 1; Avery, 
MacLeod, and McCarty, J. Exp. Med., 1944, 79, 137) and hence of the necessity for its detection 
and its accurate determination, it seemed desirable to examine this reaction in detail and to 
discover whether the blue colour was in fact due to the reaction of deoxyribose itself or to some 
transformation or decomposition product thereof. 

Together with other colleagues, one of us (M. S.) (J., 1949, 1222) showed that the reaction 
depends on the conversion of the 2-deoxypentose under acid condition into e-methoxylavul- 
aldehyde which then reacts with diphenylamine to give a mixture of solid complexes, some of 
which under acid conditions give in solution a typical blue colour and have a characteristic 
absorption band. Recently, we have been investigating the reactions of 2-deoxy-p-xylose (III) 
and have shown that this, like 2-deoxy-p-ribose, gives a characteristic blue colour when treated 
with the Dische reagent, and moreover, that the formation of the colour depends on the conversion 
of the 2-deoxy-p-xylose into w-hydroxylavulaldehyde. 

2-Deoxy-p-xylose (III) was prepared from p-xylose by the modified glycal 
(Deriaz, Overend, Stacey, Teece, and Wiggins, ]., 1949, 1879). It was found that in order to 
obtain 3: 4-diacetyl p-xylal (I) from 1-bromo 2: 3: 4-triacetyl p-xylose, it was necessary to 
carry out the reduction with zinc dust and 50% acetic acid at — 12°, otherwise the main product 
was 1:2: 3: 4-tetra-acetyl p-xylose, 


xt 


(111) 


01% Methanolic 
tube) 


in 10%, H,SO, 
(Vv) 


Diacety! p-xylal (I) was deacetylated smoothly by sodium methoxide in dry methanol and 
afforded p-xylal (II) in good yield. Reacetylation afforded (I). With 5% sulphuric acid at 0° 
p-xylal gave 2-deoxy-p-xylose (III) (cf. Levene and Mori, ]. Biol. Chem., 1929, 88, 803), which 
gave a very strong Dische test. Treatment with aniline in ethanol yielded a crystalline anilide 
which served to characterise further this deoxy-sugar. 

When p-xylal (II) was heated under reflax with 0°1% methanolic hydrogen chloride it was 
readily converted into w-methoxylevulaldehyde dimethyl acetal (IV) (a colourless liquid), 

uv 


| 
| 
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(¥) (ef. Deriaz, Stacey, Teece, and Wiggins, lec. cif.) With 2-deoxy-p-xylose (III) more 
drastic conditions were required to effect the same conversion ; ¢.g., it was necessary to heat the 
sugar with 01% methanolic hydrogen chloride in a 
sealed tube at 145-——150° for one hour to obtain any 
3600 significant amounts of (IV). 

Quantitative Dische tests were carried out on 
(11), (LUD), and (TV) in the manner described by Deriaz 
«1 al. (loc, ett.) and the absorption was measured in a 
Spekker absorptiometer. The figure shows the ab- 
sorption curves obtained by plotting « against A, 
where ¢ is the molecular extinction coefficient, i.¢., J 
(Spekker reading) x M /concn. (in g./l.), and 2 is the 
wave-length of the light transmitted. It is seen 
that « is greatest for the e-methoxylevulaldehyde 
dimethy! acetal (IV) and least for 2-deoxy-p-xylose 
(II). This is as expected, since p-xylal (II) is more 
easily converted into the keto-acetal (IV) than is the 
deoxy -pentose. 

These results indicate that both of the possible 
2-deoxy pentose isomers are able to be converted into 
(IV), the compound which reacts under acid con- 
ditions with diphenylamine to give the blue colour 
characteristic of the Dische test. Consequently, the 
reaction can be used only as a test for 2-deoxy- 
pentoses and not specifically for 2-deoxyribose. The 
presence of the latter sugar in deoxypentosenucleic 
acids needs supplementary confirmation by altern- 
ative methods (see Chargaff, Vischer, Doniger, Green, and Misani, /. Biol. Chem., 1949, 177, 405) 
to that of the Dische test before it can be accepted unequivocally as 2-deoxy-p-ribose. 


EXPERIMENTAL. 


»-Xylal.—3 4-Diacety! xylal (17-6 was dissolved in dry methanol (120 c.c.) containing sodium 
(160 mg). The solution was kept for 2 days and then carbon dioxide was bubbled through it. The 
solvent was removed by evaporation under diminished pressure, and the syrupy residue extracted with 
ethyl acetate, — extract was evaporated to dryness, and the residue distilled. A colourless viscous 
syrup (7-6 @.. 75%) was obtained, b. p. 100.105" (bath temp.) /0-05 mm., which crystallised. The solid 
was crystallined from ethanel-ether as prisms, m. p. 51", cele 20 3 (c, 1-0 in water) (Levene and 
Mori. Biol. Chem, 1929, $8, 803, record m. p. 49-30", b. 100. 112°/1-2 mm., —254-5" in water, 

234-5" im ethanol) 

2 Deory-p-srylose.——v-Xylal (6 g.) was treated with ice-cold 5% sulphuric acid (@0 c.c.). The mixture 
was kept at 0° for 5 hours and then neutralised first with banum hydroxide and then with barium 
carbonate The barium sulphate was removed by centrifuging and the solution was decolorised by 
filtering through chareval he solution was concentrated and the syrupy residue was dissolved in dry 
methanol (25¢ ¢ ) and passed through a short column of activated alumina. The solution was evaporated 
to dryness and afforded colourless syrupy material (1-3 g.) which readily reduced Fehling's solution and 
gave a very strong Dische test. Trituration of this with methanol gave crystals which, recrystallised 
from methanol-ether, had m. p. 82-86", and [a P 25-5" (initial) changing to —1-9° (equilibrium in 
25 minates; ¢, 0-5 in water) and Mori, Joc. give m. p. 92-06" and [a —20° (equilibrium 
in 20 minutes in water) 

2-Deosy- Amiide.2-Deoxy-p-xylose (0-882 g.) was dissolved in dry methanol (10 cc.) 
containing freshly distilled aniline © 9 g.) and the mixture was heated under reflux for 3-5 hours. The 
solvent was removed by evaporation under diminished pressure and trituration of the syrupy residue with 
ethanol induced it tocrystallixe It was trom ethanol, and 2-deory-p-rylose amisde (0-12 g.) 
was obtamed as colourless needles, m_ p a a)? —37-4° (6 minutes) changing to —20° (equilibrium 
after 24 minutes; ¢, 0-35 in water) (Found . H,70. C,,H,,O,N requires C, 63-1; H, 7-2%) 

Preparation of a Acetal.—(i} From p-rylal. v-Xylal (1:3 g.) was 
heated under reflax with 6-1°%, methanolic hydrogen chloride (10 c.c.) for 4 hours. After neutralisation 
with silver carbonate, followed by ev aporation of the methanol under Eg pressure, a colourless 
liquid, b. p. 80-90" (bath temp.) ce. 8 mm., 1-4310, was obtained (0-38 Dische 
reaction in minute amounts. When this keto-acetal (0-355 g.) was treated with a clear solution of 
2: 4-chaitrophenythydrazine (9 g.) in 10% sulphuric acid at 38° for 24 hours a yellow precipitate 
separated and was collected. The precipitate was taken up in ethy! acetate (25 c.c.), and the solution 
filtered from insoluble material. Evaporation of the solvent gave a solid, which was recrystallised from 
chloroform. Yellow needles of the bis-2 4-dinitrophenylhydrazone were obtained, having m. p. 220— 
221° alone or in admixture with an authentic specimen (Der Jeriaz ef al, loc. cit., report b. p. 96-—-106° (bath 


temp.) /6 nif 1-4317, for the keto-acetal, and m. p. 221° for its bis-2 4-din yihydrazone)}. 
(i) Prom 2 y-p-sylose, 2-Deoxy-p-xylose (0-6 g.) was dissolved in 0-1% hydrogen 


1 
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was neutralised with silver carbonate and filtered through charcoal, and the solvent removed by 
evaporation under diminished pressure. The recidue was fractionally distilled, and a liquid was obtained 
mm. 1-4307, which when treated with a 1% solution of 2: 4-dini yl- 
im 10% (vol.) sulphuric acid at 37° for 24 hours gave the bis-2: 
y thydrasone {m. p. 321°) identical with that described above. 
Our thanks are due to the British Empire Cancer 
assistance. One of us (PF. a scholarship 
from the Caroline Harrold F 


Cuemistey Department, Tus Universiry, 15. (Received, December 14th, 1949.) 


209. A Synthesis of Adenine labelled with “C. 
By V. M. Crark and H. M. Katcxar. 


Adenine hydrochloride, labelled at position § with “C, has been synthesised in high 
yield 


lx view of the importance of adenine, its derivatives, and related compounds in biological 
systems, it seemed desirable to synthesise this purine with incorporation of a radioactive tracer, 
viz., ™C. Such a compound could then be used in experiments concerned with the mode of 
synthesis of nucleic acid and in studies of the mechanism of bacterial growth and reproduction. 

The possibility of introducing isotopic carbon into the C,,, position of the adenine molecule 
merits particular consideration inasmuch as this step represents the final procedure in the 
adenine synthesis and therefore should give a high final yield of isotopic adenine. Cavalieri 
and Brown (J. Amer, Chem. Soc., 1949, 71, 2246) have recently explored this type of synthesis 
and called attention to the difficulty that during cyclisation of 4: 6-diamino-5-formamido- 
pyrimidine sulphate to adenine sulphate, using formamide as solvent, an extensive exchange 
between the formamido-group and formamide takes place. They attribute the exchange to 4 
reversible ammonolytic cleavage, the ammonia arising from the thermal decomposition of the 
formamide (Freer and Sherman, Amer. Chem. ]., 1898, 20, 223): H-CO*-NH, «= CO + NH,. 

On using dimethylformamide as the solvent for cyclisation it has been found that extensive 
decomposition again takes place. To overcome this difficulty it was decided to use a substituted 
formamide of enhanced stability whose boiling point was well above the temperature required 
for cyclisation (165—170°). The cyclisation could then be carried out in an open tube, any 
products of solvent decomposition volatilising before aminolysis and subsequent exchange could 
take place. In consultation with Professor A. R. Todd, our choice fell on 4-formylmorpholine. 

By using this as the solvent, adenine hydrochloride, labelled in the 8 position with “C, has 
been prepared by cyclisation of the correspondingly labelled 4 : 6-diamino-5- formamidopyrimidine 
hydrochloride, obtained by formylation of 4: 5: 6-triaminopyrimidine hydrochloride with 
“C-labelled formic acid. It is noteworthy that this formylation can be carried out by using 
aqueous solutions of formic acid having concentrations as low as 5%. The adenine hydro- 
chloride which crystallised out after cyclisation showed a molar radioactivity which was 
79—80%, of that of the 4 : 6-diamino-5-formamidopyrimidine. Obviously only a minor fraction 
of the latter product had exchanged its isotopic carbon with the solvent during cyclisation. In 
the present preparation, the isotopic formic acid used for C,, contained 165%, excess 
of “C, corresponding to 1 mc. per millimole, and the adenine hydrochloride prepared 
therefore possessed activity corresponding to 0°79 mc. per millimole. Inasmuch as the material 
supplied from the Isotope Division at Oak Ridge contained 4 mc. per millimole, and that we 
diluted it fourfold, the present procedure should allow the preparation of “C-adenine which 
carries at least 3 mc. per millimole. 

The identity of the adenine hydrochionide obtained on cyclisation was established by 
absolute ultra-violet spectrophotometry and by the differential ultra-violet spectrophotometry 
based on the spectral changes brought about by addition of adenase and xanthine oxidase 
(ef. Kalckar, Harvey Lectures, 1949-1950, Harvey Society, New York). Under these conditions 
adenine is converted into uric acid. The synthetic product was also shown to function as a 
growth factor for L. casei in the absence of folic acid (Snell and Mitchell, Proc. Nat. Acad. Sei., 
1941, 27, 1). Paper chromatography showed that the radioactive adenine had an Ry value 
identical with that of a standard adenine preparation (Hoffmann-La Roche). With an adenine 
preparation having a “C content of 0°79 mc. per millimole elutions from paper-chromatographic 
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spots have shown that 0°5 ug. of the material can readily be determined quantitatively with a 
Geiger-Millier tube having a window thickness of 3°5 mg. per sq. cm. Since tubes with a 
window thickness of 1—2 mg. per sq. cm. are quite commonly used, samples containing less 
than 0°05 ug. of the above-mentioned preparation of “C-adenine could still be analysed for 
radioactivity. 


EXPERIMENTAL. 
formic acid, the reaction mixture was then to yreld 4formylmorpholime 
(119°/20 mm.) (Pound: C, 526; H, 79; N, 12-2. C,H,O.N requires C, 52-2; H, 7-9; N, 


Formylaton of 4.5 6- T Hydrochloride by using “C-Labdelled Formic 
the initial experiments the formic acid solution used in the formylation was prepared by using a 
formate obtained by catalytic reduction of potassium hydrogen carbonate with hydrogen and palladium 
black at 100 atm. and 70° (Melville, Rachele, and Keller, /. Biol. Chem., 1947, 168, 419). Subsequently, 
‘labelled sodium formate purchased from the U.S. Atomic Energy Commission (Oak Ridge) was used 

To « solution of sodium formate (66-4 mg , 0-98 m.-mol.; containing 0-97 mc. of **C) in water (0-75 c.c_) 
was added an equivalent of hydrochloric acid (0-2 c.c. of Sm.). This solution of formic acid was well 
stirred, and then anhydrous 4. 5: 6-triaminopyrimidine hydrochloride (161-5 mg., 1 m.-mol.) was 
cautiously added, stirring being continued until the solid passed completely into solution. After the 
solution had been left at room temperature for 15 minutes, 4. 6-diamino-5-tormamidopyrimidine hydro- 
chioride began to crystallise in long colourless needles. The solution was kept at room temperature for 
2 hours and then at 0° for 2 hours, and the product was filtered on a pre-cooled sintered filter. The 
contents of the reaction tabe were washed out with ethanol (5 x 03 ¢.c.), and the product dried at 
70° for | hour (1224 mg., 67%). The filtrate and the ethanol washings were combined and kept at 0° to 
procdace a second crop of the desired product (12 mg.; total yield, 73%) 

The product was characterised by comparison of its ultra-violet absorption spectrum with thai of an 
authentic specimen. The difference between the spectra of the formylated and the unformylated 
particularly pronounced at neutral reaction. The maximum for 4: 5 6-traminopyriumidine 

ydrochioride at pH 7 was at 277 ma. (¢.4 «~ 8000); that for the 5-formylated product at pH 7 was 
fownd to be at 255 mp. (tqa, estimated for two isotopic samples « pot 4560, respectively : 
authentic specimen, 4600). 

The formylated product gg 4 spectral shift of the maximum to 265 my. on addition of 1 Py 4 
of concentrated sulphuric acid is phenomenon is due to de-formylation, the maximum of 4° 5 
triaminopyrimidine hydrochloride in 3n-sulphuric acid being at 265 mp. 

Measurement of the radioactivity of the 4° 6-diamino-5-formamidopyrimidine hydrochloride, after 
correction for the background, gave a value of 1402 « 10’ counts per minute m.-mol. As the initia! 
wxiium formate had an activity of 108 = 10’ counts per minute per m.- , the radioactive yield on 
the formylation stage was 05° 

Adenine Hydrochloride labelled with “C.—4C-Labelled 4 6-diamino-5-formamidopyrimidine hydro- 
chiorikde (117-4 mg.) was placed in an unsealed tube (length 200 mm., diam. § mm.) together with freshly 
distilled 4-tormyimorpholine (0-75 ¢¢.). The mixture was heated to 200° by an infra-red lamp and kept 
at this temperature for 80 minutes, although the evolution of water vapour appeared to cease after 
55 minutes. The mixture was cooled to room temperature and kept at 0” overnight. The adenine 
hydrochloride which had on waned was filtered off, washed with ethanol (2 c.c.), and dried at 70 
tor | howr (67 mg., 53%) out dilution with non-wotopic adenine hydroc hloride gave a further 
& mg. (total yield, 65 

The first crop of material was recrystallised from hydrochloric acid (0-75 c.c. of 2n.), Norite-A being 
used in small amounts as a decoloriwing agent. The product, adenine hydrochloride hemihydrate, 
crystallised as long colourless needles (50-5 mg ) Sey for synthetic non-isotopi material . 328; 
H, 38; N, 300. Cale. for C, 33-2; H, 3-0; N, 34-86%) 

The identity of the product — confirmed nt by comparison of its ultra-violet absorption spectrum in 
»/20 acid ~ 13,100) with that for an authentic sample 
263 myp., — ng in terms of the free base (cf. Loofbourow and 
Stimson 

Paper of the Radioactive Adenine.—-Radioactive adenine hydrochloride (6-6 pg.) 
was placed on a paper chromatogram and developed with butanol-water (Hotchkiss, /. Biol. Chem., 
1948, 17%, 315) containing two drops of concentrated ammonia solution. The Ry value was 0-39 For 
a commercial sample of non-isotopic materia! (Hoffmann-La Roche) a value of 0-40 was obtained. The 
Ry value of 4) 6-cdiamino-5-formamidopyrimidine hydrochloride in the same solvent mixture was 0-14. 

The extent of the adenine spots on the paper was determined by use of the Mineralight lamp (Ultra- 
vielet Products, Inc., Low Angeles, Calit.) 

The radioactive spot was excised and eluted by boiling for 1 minute with formic acid (1 ¢.c. of O-Ly.) ; 
0-1 ¢.c. of this eluate was evaporated on an aluminium tray under the infra-red lamp, and the 
activity of the residue determined. Activity of sathple — 188 counts per minute. Theoretical for 
0-40 pg. of adenine — 206 counts per minute. Hence, recovery from paper — 91%. 


This work was supported by grants to Dr. H. M. Kalckar from the Rockefeller Foundation, the 
Carlsberg Foundation, and Lederle Laboratories Division, American Cyanamid Company. One of us 
(V. M. C.) took part im the work under the auspices of Rask-(irsted Fondet. We thank Dr. E. Hoff- 
Jorgensen, Department of Biochemistry, University of Copenhagen, for performing the microbiological 
assay 
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210. The Chemistry of Fungi. Part XI. The Degradation of O-Di- 
methyleitromycinol and a Revised Structure for O-Dimethyleitromyecin. 


By G. W. K. Cavitz, Atexanper Ropeartson, and W. B. WHattey. 


been obtained: formic acid, — acid, acetone, (XNVIIIL; RK « Me), (XVIII; R « ON), 
OXVID, CXEX), (XV), CXIDD, and R H). The production of the more complex 
derivatives depends mainly on the conditions employed. From a | of their decomposition 
products the nature of nds (XII; R HM), (XV) has been clarified 
and new formule (VIII) and (IX) for O-dimethyicitromycin and O-dimethylcitromycinol 
respectively have been developed Glenees Part Lil, /., 1949, 848), 


It has been shown that O-dimethylcitromycin is oxidised with ozone, giving a mixture of 
O-dimethylcitromycinone and O-dimethylcitromycinol, of which the latter is the sole product 
when lead tetra-acctate is employed as the oxidising agent (Part III, J., 1949, 848; Part VIII, 
ibid., p. 1567). From a study of the general properties of O-dimethylcitromycin and of 
O-dimethylcitromycinone it was concluded in Part III (loc, cét.) that these compounds were 
best represented by either the linear structures (I) and (ILI) or the angular structures (VIII) and 
(X) respectively. Of these alternatives the linear type was preferred because in this way the 
easily oxidisable active methylene group appeared to be accommodated more satis‘actorily, a 
conclusion which seemed to be substantially supported by our studies on the oxidation of 
xanthens with lead tetra-acetate and ozone (Part VIII, Joc. cit.). It had been noted in Part III 
(loc. cit.), however, that the adoption of the linear structure implied that the production of 
2-hydroxy-4 : 5-dimethoxyacetophenone and of 2-hydroxy-4 : 5-dimethoxybenzoic acid by the 
hydrolytic fission of O-dimethylcitromycin with alkalis was due to the simultaneous oxidation 
of the active methylene group in the 4-position of the chromen ring of (1), but from studies on 
3: 4-dihydrocoumarin derivatives (Part IX, J., 1950, 895) it subsequently became clear that this 


A 


‘CH, CO 


kind of oxidation was most unlikely in the case of a compound having formula (1) which may be 
envisaged as a derivative of a 3: 4-dihydrocoumarin. In conjunction with the recognition of 
4-hydroxy-6 : 7-dimethoxy-3-acetoacetylcoumarin as a primary hydrolytic product of 
O-dimethylcitromycinone, which it regenerates on cyclisation (Part X, /J., 1950, 903), these 
observations appeared to eliminate the possibility of O-dimethylcitromycin and its derivatives 
having the linear type of formula. This conclusion has now been substantiated by a study of 
the hydrolytic decomposition of O-dimethylcitromycinol. 

As indicated in Part III (loc. cit.), in agreement with both the linear (II) and the angular 
formula (IX), O-dimethylcitromycinol behaves as a carbinol base of the pyrylium type and the 
corresponding chloride and picrate have now been prepared by standard methods. Although 
well-defined crystalline salts are also obtained with hydroferric chloride and with perchloric acid 
the analytical results given by these derivatives are not in agreement with their being the normal 
ferrichloride and perchlorate respectively. From the chloride the carbinol base is quantitatively 
re-formed by treatment with aqueous sodium hydrogen carbonate. On being boiled with 
methanol O-dimethylicitromyciny! chloride takes up another methy! group, giving O-trimethyl- 
citromycinol, which is also formed, in almost theoretical yield, when the base is boiled with 
methanol containing small amounts of concentrated hydrochloric acid. When the methanol 
ts replaced by alcohol the corresponding ethyl ether is obtained. The tendency of carbinol bases 
to form ethers in this manner is well recognised and in this respect the behaviour of O-dimethyl- 
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citromycinol finds an exceptionally close parallel in the case of 9-(2 : 2-diphenylvinyl)xanthhydrol 
(Zeigler, Annalen, 1923, 434, 34). Like other carbinol ethers O-trimethyleitromycinol ether is 
readily converted into the chloride by means of hydrogen chloride-acetic acid, whilst on 
prolonged boiling with solvents, ¢.g., moist acetone or chloroform, the parent base is regenerated. 
On account of the low solubility of O-dimethyicitromycinol in the usual organic solvents 
compared with that of the trimethyl ether in methanol, the latter proved a convenient inter- 
mediate for the purification of O-dimethylcitromycinol in quantity. The carbinol base has als» 
been characterised by the preparation of a phenylurea derivative. 

With a supply of O-dimethyicitromycinol (Part VIII, foc. cit.) available we have been able 
to carry out a study of the hydrolytic products formed by the action of alkaline reagents. In 
general, the use of the trimethy! ether in place of the parent base has been found to give identical! 
results under similar conditions. The proportion of the various degradation products can be 
varied very considerably and in particular the more complex derivatives can be eliminated from 
the hydrolysate by alterations in the conditions of the hydrolysis. On being refluxed with dilute 
aqueous sodium hydroxide O-dimethylcitromycinol and the trimethy! ether gave rise to formic 
acid, acetic acid, acetone, 2-hydroxy-4 : 5-dimethoxybenzoic acid (XVIII; R « OH) and 
2-hydroxy~4 : 5-dimethoxyacetophenone (XVIII; « Me). When boiling barium hydroxide 
solution was employed in place of the aqueous sodium hydroxide there was isolated, in addition 
to acetone and (XVIII; R « Me), 2-Avydrory-4 : 5-dimethorybenzoylacetic acid (XVII) the 
structure of which was established by the fact that it gave a ferric reaction, decomposed on being 
heated, giving carbon dioxide and (XVII[; R <— Me), and on treatment with concentrated 
sulphuric acid furnished 4-hydroxy-6 : 7-dimethoxycoumarin (XIX). The main product formed 
by gently warming the carbinol base or its methyl ether with aqueous-methanolic sodium 
hydroxide was 4-Aydrory-6 : 7-domethoxy-3-formylcoumarin (XV) which was accompanied by 
small amounts of the ketone (XVIII; R « Me). The structure of the formylcoumarin (XV) 
is conclusively established by the following reactions, The presence of the formy! group was 
demonstrated by the ready formation of a 2 : 4-dinitrophenylhydrazone and an anil, and by the 
fact that the compound readily condensed with resorcinol in hydrogen chloride-acetic acid to 
give a pyryliom salt which is clearly 3)benz- 
pyrylium chloride (XX). Further, the hydrolytic decomposition of (XV) with warm dilute 
aqueous sodium hydroxide gave rise to formic acid, (AVIIL; R « Me), and (XVII), whilst with 
concentrated sulphuric acid in warm acetone the formy! group was eliminated with the production 
of 4-hydroxy-6 : 7-dimethoxycoumarin (XIX). Finally, the catalytic reduction of (XV) 
furnished an almost theoretical yield of 4-hydroxy-6 : 7-dimethoxy-3-methylcoumarin (Part II, 
J., 1049, 562), thus proving conclusively that the formy! group is in the 3-position. 

During attempts to obtain the precursor of the foregoing 3-formylcoumarin (XV) which 
arises from O-dimethylcitromycinol by the loss of three carbon atoms, we were able to isolate, 
from the complex mixture formed by the action of aqueous-methanolic sodium hydroxide on 
the base or its ether for 3—4 minutes, two closely related alkali-soluble compounds —-(A) as a 
Aydrate ©,,H,404,H,0 and (B) C,,H,,O,-—in addition to (XV) and acetone. The compound 
(A) gave a ferric reaction and formed an isooxarole derivative, indicating the presence of a 
1: B-dicarbony!l system. On hydrolytic decomposition with alkali and subsequent treatment 
of the acidified hydrolysate with an excess of 2: 4-dinitrophenylhydrazine sulphate in dilute 
sulphuric acid, (A) furnished the 2 : 4-dinitrophenylhydrazones of acetone and (XVIII; RK = Me) 
along with 4-hydroxy-6 : 7-dimethoxycoumarin (XIX). The latter compound was considered 
to arise by the cyclisation of 2-hydroxy-4 | 5-dimethoxybenzoylacetic acid in the acidic medium, 
in keeping with the observed ready cyclisation of this acid. Thus it seemed that (A), which did 
not appear to be a carboxylic acid, contained the residue C,H,(OMe),(OH)CO-CHYCO-, 
appearing in the hydrolysate as (XVII). and that the latter was derived by scission of (A) with 
the loss of a molecule of acetone. Hence (A) is a triketone which may be represented by formula 
CXLLD and in keeping with this view it was found that on treatment with concentrated sulphuric 
acid (A) undergoes cyclisation with the elimination of a molecule of water, giving 6 : 7-dimethory- 
2-acetonyichromone (XVI). Since it readily formed a 2 : 4-dinitrophenylkydrazone, (XV1) can 
be differentiated from (B) with which it is isomeric. In this connection it may be noted that the 
cyclisation of the tnriketone can take an alternative route leading to the formation of the ypyrone 
(XL; Ro H) which would not be expected to form a 2: 4-dinitrophenylhydrazone, thus 
clearly distinguishing it from the 2-acetonyichromone (XV1). 

Unlike (A), the product (B) does not give a ferric reaction and appears not to contain a 
reactive carbony! group, but on acetylation with pyndine-acetic anhydride it gave an alkali- 
insoluble acetate identical with that formed when the triketone (A) was subjected to the same 
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reaction. Obtained from either source, the acetyl derivative gave rise to cc mpound (B) on 
treatment with warm hydrochloric acid. Thus the acetylation of (A) is accompanied by 
simultaneous dehydration and, in view of the foregoing cyclisation of (A) to give the chromone 
(XVI), the acetylation product must be the acetate (XI1; R = Ac) of 2-methyl-6-(2-hydroxy- 
4: 5-dimethoxypheny!)-»-pyrone (XII; R <= H). 

If the conclusions arrived at regarding the structure of O-dimethylcitromycin in Part IX 
(loc. cit.) and of O-dimethylcitromycinone in Part X (lec. cit.) are taken into account it is clear 
that the formation of formic acid, (XV), (XILI), and (XII) by the hydrolysis of O-dimethyl- 
citromycino! excludes the possibility of this compound having the linear formula (II) originally 
proposed (Part III, loc. cit.). Of the remaining possible structures (V), (VII), and (TX) for 


Ou 
H,-CO-CH,-COMe 
(X11) 


)OH 


(XVII) (XVII) 


O-dimethylcitromycinol which follow from the alternative possible formule for O-dimethyl- 
citromycin proposed in Part III, we consider, bearing in mind the general properties of the 
latter compound, that only formula (IX) affords a basis for a rational explanation of the 
formation of the inter-related series of decomposition products now obtained from the carbinol 
base. The first stage in the hydrolysis may be considered to be the opening of the ring containing 
the carbinol group along the broken line (a) yielding the intermediate (XI) which has not been 
isolated so far, but which by subsequent fission at (6) would give rise to formic acid and the 
2-phenylpyrone (XII; R= HM). Hydrolysis of the latter with the opening of the y-pyrone ring 
at (d) accounts for the formation of the triketone (XIII) which by subsequent loss of acetone 
has been shown to furnish the benzoylacetic acid (XVII). On the other hand, scission of the 
y-Ppyrone ring of (XI) at (c) would yield a formy! derivative of the triketone (XIII), giving by loss 
of acetone the formylbenzoylacetic acid (XIV) which we regard as the precursor of 4-hydroxy- 
6 : 7-dimethoxy-3-formylcoumarin (XV). The formation of the 4-hydroxycoumarin ring in 
preference to the pyrylium system on liberation of (XIV) from its sodium salt is in keeping with 
the relative ease of cyclisation of the respective systems. 

It is evident that substances having these formule (V) or (VII) could give rise to the formy!- 
coumarin (XV) by the opening of the pyranol ring with subsequent loss of an acetone residue on 
hydrolysis. On the basis of either formula the formation of the triketone from O-dimethy!- 
citromycinol would involve the oxidation of the carbino! group with dilute alkalis, but under the 
conditions employed for the production of (XIII) this oxidation is regarded as highly improbable 
and in either case the formation of the y-pyrone (XII; R = H) would be a secondary process. 
Whilst we have not observed the conversion of (XIII) into (XII; R — H) by acidification of an 
alkaline solution of (XITI) with mineral acid, a more cogent objection to formule (V) and (VII) 
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for O-dimethylcitromycinol is the fact that in the parent compounds (IV) and (V1) (O-dimethyl- 
citromycin type) the methyl groups would not be expected to react with piperonal and the 
double bond would be expected to behave normally towards oxidising and hydrogenating agents 
(compare Part ILI, loc. cit.). Accordingly, therefore, we now consider that O-dimethyicitromycin 
and O-dimethylcitromycinol are represented by the structures (VIII) and (IX) respectively, in 
keeping with the revised formula (X) advanced for O-dimethylcitromycinone in Part X (loc. cit.). 
Further, the hydration product of the last-mentioned compound, which is soluble in aqueous 
sodium hydrogen carbonate (Part I11), is now regarded as the acid (X X11) formed by the opening 
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of the potential 4-hydroxycoumarin ring. This acid (XXII), which can be readily cyclised by 
by acetic anhydride regenerating O-dimethyicitromycinone, is clearly the first stage in the 
hydrolytic decomposition of (X). Moreover, it now seems clear that the so-called anil and the 
phenythydrazone of O-dimethyicitromycinone (Part III) are respectively the anilide (XXI; 
R = Ph) and the phewylAydrazide (XX1; RK = NHPh) of the acid (XXII). We consider the 
oxime of O-dimethylcitromycinone to be the normal derivative involving the carbony! group 
of the y-pyrone system, but we are unable to account satisfactorily for the second oximation 
product. 

The view expressed in Part III that the formation of the styry! derivative by condensation 
of O-dimethylcitromycin with piperonal does not involve the active methylene group which 
undergoes oxidation has now been substantiated. Oxidation of the styry! derivative (XXIII) 
with lead tetra-acetate gave the corresponding derivative of O-dimethylcitromvcino!l (XXIV) 
which on subsequent oxidation with chromic oxide gave the compound (X XV), identical with the 
product obtained directly from the piperonylidene derivative of O-dimethylcitromycin by the 
same oxidising agent. 


EXPERIMENTAL. 


Derwatives of O- Dimethylosiromycinol.— Treatment of a saturated solution of O-dimethylcitromycinol 
in acetic acid with hydrogen chloride at room temperature gave O-dimethyleuromyany! chloride which 

arated from acetic acid containing a little hydrochloric acid in yellow prisms decomposing at 131° 
(Found: C, 684; 43; Cl 129. requires C, 58-4; H, 42; Cl, 11-5%). Prepared in the 
usual manner the ficrafe crystallised from warm alcohol in small orange needles, m. p. 179° (Found : 
C, 62, OWN, requires C, 0-3; H, 30; N, 84%). With concentrated ferric 
chioride solution in hydrochloric acid the base gave a dertvative which formed red prisms, m. p. 244° 
(decomp), from acetic acid, analytical results of which did not agree with those required for a simple 
ferrichioride (Found : C, 46-3; H, 40; Cl, 20-8; Fe, 70. Cale. tor C,,H,O,ClL Fe: C, 38-2; H, 2-8; 
Cl, 32; Fe, 110%). Semilarly with perchloric acid a substance was formec whach crystallised in lemon- 
yellow plates, m. p. 140-144" (decomp.), from acetic acid 

Methanol (10 ml.) containing a suspension of O-dimethylcitromycinol (1 g.) and 2 drops of concen- 
trated hydrochloric acid was warmed on the steam-bath until the solid dissolved and on cooling, the 
yellow solution deposited O-trimethyieitromycimol which then separated from methanol in colourless 
needles (0-9 g.), m. p. 192° (Found: C, 632; H, 54. C,,H,,O, requires C, 63-2; H, 53%). Prepared 
in a similar manner formed colourless elongated needles, m. p. 169", from 
alcohol (Found: C, 640; H, 58. C,,H,,O, requires C, 64-1; H, 5-7%). 

On being kept at room temperatare the clear solution obtained by warming O-dimethylcitromycinol 
(0-45 ¢.), phenylurea (0-5 ¢) acetic acid (10 deposited the N-phewyl-N’-(O-dimeth ylcitromycinyl)- 
«rea im almost colourless tiny needies, m. p. 275" (decomp.), which to its insolubility m most 
organic solvents was purified by extraction with much warm alcohol (Found: C, 64-8; H, 540; N, 68. 
requires C, 64-7; 40; N, 69%) 

Hydroivtic Degradation of O- Trimethyleutromycinol.—{a) A mixture of the methy! ether (4-0 g.) and 
2~-aqueous sodium hydroxide (100 mi.) was refluxed for 1-5 hours and the resulting clear amber solution 

with 2~-hydrochloric acid. The semi-solid precipitate (2 g.) was collected, washed, dried, and 
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dissolved in warm ethyl acetate. On cooling the solution 
im colourless plates, m. p. 278°, identified by comparison an authentic specimen (Part Il, /., 1949, 
562). The solid left by the evaporation of the ethyl acetate mother was dissolved in ether, and 
the solution carbonate 


extracted with aqueous sodium h . dried, and evaporated, leavi 
2-hydroxy~-4 5-dimethoxyacetoph in colour: prisms (0-8 g.), m. p. 111-112", 
lisation. Acidification of the sodium hydrogen carbonate extracts gave 2-hydroxy-4 : 5-di y- 
benzoic acid which formed colourless prisms (0-35 g.), m. p. and mixed m. p. 210°, from aqueous methanol. 
Treatment of the filtered acidified hydrol te, left a the separation of the semi-solid, with excess 
of aqueous 2 ;: 4-dinitrophenylhydrazine te gave a red te which was separated 
chromatogr: tn Past (loc. ett.) into the 2 : 4-dinitrophen 


g.) of acetone, > DP. and mixed m. p. 125-—126°, after purification, and 
2- . m. p. and mixed m. p. 
2: 4-din: yihydrazones 
identified 


conversion of the sod to 
Y- 1937, 1699), which formed needles, ew mixed m. p. 227-229", from alcohol 
( , 20-5. Cale. for Cyl Os + N, 20-39%). several occasions the formic acid was 
cmpaaeae by — amounts of acetic acid which was identified by conversion into acetanilide, m. p. 
mixed m. p. 112°. 

When O-dimethyicitrom ycinol (2 g.) was heated with 2x-aqueous sodium hydroxide (75 ml.) on the 
steam-bath for 15 minutes and the cooled reaction mixture acidified with 2n-sulphuric acid (100 ml.) 
the following products were isolated : 4-hydroxy-6 : 7-dimethoxycoumarin (0-55 g.), acetone 2 : 4-dinitro~ 

ythydrazone (0-5 g.), 2-hydroxy-4 : 5-dimethoxyacetophenone 2 : 4-dinitro yihydrazone (0-3 g.), 
ic acid as NN’-diphenylformamidine hydrochloride (0-1 g.), and acetic acid as the anilide. 

(6) A mixture of O-trimethylcitromycinol (2 g.), 2-aqueous sodium hydroxide (50 m!.), and methanol 
(50 ml.) was heated on the steam-bath for 2 minutes, the resulting clear solution was cooled and acidified. 
with 2n-sulphuric acid (60 ml), and the buff-coloured solid which separated immediately was collected, 
washed, and dried. Crystallised from chloroform this product gave 4-Aydroxy-6 ; 7-dimethory-3- 
‘ormylcoumarin in pale yellow prisms (0-9 g.), m. p. 242° (decomp.), readily soluble in aqueous sodium, 

ydrogen carbonate and giving a red ferric reaction in alcohol (Found: C, 57-4; H, 43. CyH yO, 
requires C, 57-6; H, 40%). The 2 : 4-dinitrophenylhydrazone formed orange prisms, m. p. 308° (decomp.), 
from dioxan (Found: C, 50-3; H, 35; N, 133. C,,H uires C, 50-2; H, 33; N, 18-0%). 
The anti separated from ethyl acetate in pale prisms, m. p. 201° (Found : C, 64-5; H, 46; N, 41. 
C,,H,,O,N requires C, 64-5; H, 45; N, 42%). 

The acidic filtrate left after the separation of the crude 3-formylcoumarin was treated with an excess 
of 2: 4-dinitrophenylhydrazine sulphate, and the resulting precipitate separated by chromatography 
from benzene on aluminium oxide into acetone 2: 4-dinitropbenylhydrazone (0-7 g.) and 2-hydroxy- 
4; 6-dimethoxyacetophenone 2 : 4-dinitrophenylhydrazone (0-2 g.). 4-Hydroxy-6 : 7-d oxycoumarin- 
was not detected in the hydrolysate 

When O-dimethyicitromycinol (2 g.) was heated with 2n-aqneous sodium hydroxide (25 ml.) and 
methanol (25 ml.) on the steam-bath for 3 minutes the same decomposition products were obtained. 

(c) When heated under reflux with a saturated solution of aqueous barium hydroxide (100 ml.) for 
15 minutes O-trimethyicitromycinol (1 g.) rapidly dissolved and was replaced by a buff-coloured 
precipitate which was isolated from the cooled reaction mixture and treated with dilute hydrochloric 
acid, giving 2-hydrory-4 : 5-dimethoxybenzoylacetic acid (0-4 g.). Crystallised from chloroform, this acid 
peveed colourless octagona) plates, m. p. 140° (decomp.), =ay soluble in aqueous sodium hydrogen 
carbonate and having a greenish-brown ferric reaction in a (Found: C, 560; H,&1. C,H yO, 
requires C, 55-0; H, 6-0%). Treatment of 2-hydroxy-4 : 5-dimethoxybenzoylacetic acid with alcoholic 
2 : 4-dinitrophenylhydrazine sulphate resulted in formation of the 2-hydroxy-4 : 5-dimethoxy- 

henone 2 : 4-dinitrophenylhydrazone, m. p. 227° (decomp.), identified comparison with an 
authentic sample. On bein heated (oil-bath) at 150° for 15 minutes the acid (0-1 g.) decom posed, 
iving carbon dioxide and 2-hydroxy-4 : 5-dimethoxyacet which formed colourless prisms 
0-06 g.), m. p. 112°, from alcohol-light petroleum (b. p. 60-—80"°) and was identified by comparison with 
an authentic specimen. The acid (0-1 g.) and concentrated sulphuric acid (2 ml.) at room temperature 
for 24 hours gave 4-hydroxy-6 : 7-dimethoxycoumarin which separated from ethyl acetate in colourless 
plates (0-05 g.), m. p. 278° (decomp.), undepressed on admixture with an authentic specimen. 

From the acidified nydrolyeate left after the separation of barium 2-hydroxy-4 : 5-dimethoxybenzoate, 
the 2 : 4-dinitrophenylhydrazones of acetone and 2-hydroxy-4 : 5-dimethoxyacetoph were isolated 
by the method employed in (6). 

(d) O-Trimethyicitromycinol (4 g.) was added to a hot mixture of 2n-aqueous sodium hydroxide 
(100 ml.) and m (100 ml.), and the solution heated on the steam-bath for 3-4 minutes. Acidifi- 
cation of the cooled amber-coloured reaction mixture with 2N-sulphuric acid (150 ml) gave a buff-coloured 
precipitate (1-85 g.) of almost pure 4-hydroxy-6 : 7-dimethoxy-3-formylcoumarin which had m. p. and 
mixed m. p. 238—-240° (decomp.) after recrystallisation from chloroform. Extraction of the acidic 
liquor with chloroform (50 ml. x 3) gavea yellow extract exhibiting an intense green fluorescence, whilst 
treatment of the acidic aqueous liquor with aqueous 2 : gg a ay ee sulphate gave acetone 
2: (0-05 g.), m. p. and mixed m. p. 124—6 yellow chloroform solution 
was extracted with 2~-aqueous sodium h carbonate and then with 2N-aqueous sodium hydroxide. 
From the acidified sodium hydrogen carbonate solution 4-hydroxy-6 : 7-dimethoxycoumarin was isolated 
by extraction with ethy! acetate-ether and purified from ethy! acetate, forming colourless plates (0-06 4), 
m. p. and mixed m. p. 278° (decomp.). the trom 

gave 2-hydroxy-4 : S-dacetheayeaaapptanntte acid (0-2 g.), m. p. 140° (decomp.). 


ydrazone (0-0 
2 : 4-dinitropheny 
227° (decomp.). 
furnished an aqu 
by being converted in the usual manner into N N’-diphenylfiormamidine hydrochloride, forming colourless 
needles, m. p. 228-——230° (decomp.), from dilute hydrochloric acid (Found: N, 12-2. Cale. for 
C,y,H,,N,Cl: N, 121%). The presence of formic acid in the distillate was also established by the 
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extract with dilute hb 
ion of the combined extracts, gave an 

act which was dsolved in bot ethyl acetate. On cocking this solution deposited 2-methy!-6-( 
4: in cobouriees prisms (01g), m p. 269° (decomp.), readily soluble 
as hydroskle or m concentrated bydrochlorx aced and havimg a negative ferric reaction 

cohol (Found: C, 636; H. G2 requires C, 661; H, 54%). Prepared by acetic 
pyridine, the acetate of this compound formed colourless prisms, m. p. 152°, from ethyl 
acetate (Pound: C, 433; S56. C requires C, 63-1; 

Concentration of the ethyt acetate juars left after the purification of the 1-(2-hydroxy- 
1:3 as hydrate which formed of colourless prisms 
et ). m. p. 106-102", from the same solvent and gave a green ferric reaction im alcohol (Found: C, 

59; OMe, 204. requires C, 56-4; H, 60; OMe, 208%). This triketone, 
which readily dissolved in aqueous sodiem hydroxsie, formed an troasarole which rated from ethyl 
acetate in colourless seedies, m. p. 172" (Pound: 603, H.5-7; N,&2. requires C, 

H, &S; N, &1%) 

Whea the trimethyl ether was replaced the parent O-dimethyicttromycinol (2 g.) in the foregoing 
the following products were isulated and identified: ¢hydroxy-6 7-dimethoxycoumarin 
acetic acad (0:05 ypytone (0-06 and |-(2-hydroay- 
<methboxypheny! hexane-| 3: &trione (0-2 

Hydrotysss of 4+ Hydroxy 7 -dtmethosy-3 ~This compound (2 g.) was heated with 
2n-aqueous sodium hydroxuwde (7 75 mi) om the stear-bath for 20 minates and the cooled amber-coloured 
solution with 2x-sulpburic acid (125 mi.) giving a beff-coloured precipitate of the unchanged 
compound (0-25 ¢.), which was separated by filtration. On being kept the filtrate then gradually 
deposited a solid which was resolved by means of ether and aqueous sodium hydrogen carbonate into 
2-bydroxy-4 5-dimethoxyacetophenone (0-2 mi. p. 112° (after purification), and 2-hydroxy-4 : 5-di- 
meth: xy (1g), = p. 146° (decomp.). Treatment of the acklic filtrate from this 
mixture with J 4-dinitrophenyih ydsazme sulphate gave a smal! amount of a precipitate of the 2 : €<i- 
attr vdragme oat bydroxy-4 5-dimethoxyacetophenone, which was removed; evaporation of 
the Gitrate fturnmbed an aqueous distillate containing formic acre! which was tsolated as the sodium 
formate. Part of this salt was converted imta NN’- nenylfiormamidine hydrochloride, forming 
colyurless nerdies, m 220.230" (decomp). From the remaining portion of the sodium salt, 
beaziminarcie, m. p. 170", was prepared 

On beme hea under reflux with acetone (200 ml.) and sulphuric acid (5 g) for 5 hours the 3-formyl- 
coumarin (1 ¢ ) slowly dissolved and after 3-—4 hours was replaced by 4-hydroxy-6 7-dimethoxycoumarm 
which ia plates. Isolated from the cooled ture, this comp d (®7 g.) had m. p. 275-278" 
(decomp) after purification 

of 4-hydroxy-6 (0-5 g.) in ethy! acetate (200 mi) at 
100.110° with a palladium-charcoal catalyst and hydrogen at a pressure of #0 atmospheres during § 
= +hydroxy-6 7-dimethoxy-3-methykoamarin (04 g.) which formed colourless needles, 

wy (trom methanol), identical with a synthetical specimen (Part I}, jcc. cit.) (Found: C, 608; 
it. 3 Cah for Cy H,O,: C, 610; H, 51% 

A solution of 4-hbydrony-6 7-dimethoxy-3-formylcoumarin (0-6 ), and resorcinol (0-22 g.) in acetic 
acid (4) ml.) was saturated with hydrogen chioride and kept for several days. The red crystalline soled 
was collected. washed with ether, and crystallised from warm 2n-bydrochior« acid, giwing 7-’ydrory- 
chloride (XX) as red prams (01 ¢) which gave a 
wine-ted coloar with ueous sodium carbonate ar sodium hydrox (Found: C, 584; H, 440. 

ydrolves of 1-(2 uty-4 3. S-trione.——-A solution of this triketone 
(@-6 in 2s aqueous bydroxide (30 ml.) was heated on the steam-bath for 45 minutes, cooled, 
acklified with 2~-sulphurie acid, and treated with an excess of aqueous 2 : 4-dinitrophenylhydrazine 
sulphate. Next day the prectpitate (03 g.) was collected, washed, dried, and extracted with benzene. 
Cryvtallisation of the insoteble residee from ethyl acetate gave 4-hydroxy-6 7-dimethoxycoumarm im 
colourioss plates (0-05 ), m. p. 278" (dec emp.). After chromatogra on alumina, acetone 2. 4-dmitro- 
phesythydrazone (0-06 m. p. 124-125", and 2-hydroxy-4 5-dimethoxyacetophenone 2 4-imitro- 
phenylhydrasone (0 15 ¢), m. p. 227° (decomp.), were tolated from the combined benzene extracts 

A solution of the triketone (05 ¢) in concentrated sulphurk acid (J m)) was k at room 
temperature tor howra, treated with ice- water (25 aed extracted with chloroform vaporation 
of the combined, washed. and driet extracts left 6 . 7-dimethory-2-acetonyichromome which formed 
coloarioss needles (0-03 ¢). m. p. 144°, from etiry! acetate (Found: C, 43-9; C..H,,O, requires 
641. HL54%). This eubstance insola ble aqneous sodium carbonate, dissolves slowly in 2N-aqueuss 
sodium hydroxkle, and gives a 2: 4-dintiro eye which separated from ethyl acetate in 
west prisms, mp. 210° (decomp.) (Found: C, 642; 43; 130. requires C, 54-3; 

N, 127%) 

Acetylation of the triketone (@2 ¢.) by means of acetic anhydride (i mi} and pyridine (3 mi.) at room 
temperature gave the acetate (X11. Ac) of 2-methyl-6-(2-hydroxy-4 5-drmethoxy) phenyl-y-pyrone 
forming colourless prisms (0-1 m. p. 151°, from ethy! acetate (Found C, 63-3; H, 5-5 undepressed 
om adrmaixtore with an authentic sample. On being heated with 4x- hydrochloric acid (5 mi.) on the 
steam-bath for 4 bours this acetate (0-06 ¢.) gave the parent »pyronme (XII; R « H), which separated 
from dioxan as colourless priams (003 ¢.), m_ p. 268° (decomp }. 

Onidation of the Prperonylidene Dervoative of Lead tetra-acetate 
S*2 was added to the sotetion of this compound (0-5 g.) in acetic acid (50 mi.) during 30 minutes, at 

»° and, after being maintained at the temperatere for a further 14 minutes, the mixture, which 


then gave « negative test for lead tetra-acetate, was diluted with water (100 ml). Crystallisation of the 
washed and dried yellow precipitate from dioxam gave the psperonylidene derivative (XXIV) of 


= 
§ 
i 
4] 
id 
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O-dimethy ycinol in yellow (Found: C, 652; H, #4, 
65-4; H, 43%). On being warmed with methaol (10 ml) contain 

drops of concentrated hydrochloric acid this base (0-1 g¢.) foomead a deep-red solution which, 
at room temperature for 24 hours, deposited the piperonylidene derivative of O-dimethyicitromyciay| 
chloride in dark red prisms (0-05 g.), decom at 223-225". 

(6) The compound (0-25 g.) was oxidised chromic oxide (0-2 g.) in acetic acid at 30—40° for 
30 minutes, the green solution was diluted with water (100 ml.) and extracted with chloroform 
(50 ml. = 6), and the chloroform extracts were washed, dried, and rated. Crystallised from acetic 
acid, the yellow residue gave derivative (XXV) of O-dimethyicitromycinone in 

Prams m. p. 200—-292° (decomp.) (Found: C, 66-5; H,40. C uires C, 65-7; 

. 3-84, The same pooduct (XXV) was obtained when the piperonylidene 
was oxidised with chromic oxide (0-1 g ) in acetic acid under the same conditions, 
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ative (XXIV) (1g. 


211. An Improved Synthesis of 0-2-Bromoethylbenzyl Bromide. 
By E. L. Anperson and F. G. 


o-2-H ethylbenzyl alcohol has been prepared by the reduction of eth eengttieiot 
with lithiu = hydride, and converted into -bramoethy!lbeazy! brom 


o-2-BROMOETHYLBENZYL BROMIDE (I) was originally synthesised by von Braun and Zobel 
(Ber., 1923, 56, 2142) but a much improved synthesis, of five stages compared with the original 
twelve, was worked out by Holliman and Mann (/., 1942, 737) who demonstrated the wide 
synthetic application of this substance (see also J., 1943, 547, 550; 1945, 34, 37, 45). In spite 
of this improvement, the method was unsuitable for the synthesis of substituted analogues. 
Beeby and Mann (/., 1949, 1799) sought to remedy this disadvantage and synthesised 5-nitro- 
2-2’-chloroethylbenzy! chloride and the corresponding dibromo-compound by introducing the 
halogenomethy! group into the 2-p-nitrophenylethy! halide by treatment with the s-dihalogeno- 
dimethyl ether in the presence of feming sulphuric acid; however, in order that 
ortho-substitution may take place, the choice of substituent and its position in the aromatic 
nucleus is considerably restricted. 

When the dibromide was originally synthesised (/., 1942, 737), the possibility of synthesising 


the parent alcohol, 0-2-hydroxyethylbenzyl alcohol (11) by reduction of homophthalic ester was 
not examined as the methods of reducing carbalkoxy- to hydroxymethyl groups then known 
were unsatisfactory when these groups were directly attached to the aromatic nucleus. Use 


cH, 

(th) 


of lithium aluminium hydride as a reducing agent for carboxy! and carbalkoxy-groups (Nystrom 
and Brown, J. Amer. Chem. Soc., 1947, 68, 2548) opened this route to (II) and its derivatives, 
Compounds of type (II) with two different alky! or ary! substituents in the | position of the 
bromoethy! group were required for another problem in this laboratory, and, as a model 
synthesis, the preparation of (I) from homophthalic acid was undertaken. 

Reduction of homophthalic anhydride by Nystrom and Brown's technique (loc. cil.) was 
unsatisfactory. Owing to the very slight solubility of the anhydride in ether, the reaction 
was very prolonged and, in large quantities, very tedious. Further, the reaction product 
contained isochroman (IIT) (the internal ether of the desired alcohol), a high-boiling fraction 
which could not be further purified but which appeared to be the required alcohol, and a residue 
which did not distil at 300° under high vacuum. Even so, both the ssochroman fraction and the 
high-boiling fraction could be converted into (I) by heating them at 100° with a solution of 
hydrobromic acid in acetic acid. The overall yield from indene, which was used for the 
preparation of homophthalic acid (Fieser and Pechet, J. Amer. Chem, Soc., 1946, 68, 2577), 
was 30%, a considerable improvement on the earlier method of synthesis. 

Attention was next directed to ethyl homophthalate. As it is miscible with ether, its 
introduction is a rapid process, and the reduction is noteworthy in that the ethereal solution 
remains clear throughout the reduction, no precipitate of the alcohol-metal complex separating as 
in reductions described by other workers. Pure 0-2-hydroxyethylbenzyi alcohol was thus obtained 


1038 An Improved Synthesis of 0-2-Bromoethylbenzyl Bromide. 


in 01% yield, it was characterised as the di-p-nitrobenzoate and diphenylurethane, and with an 
acetic acid solution of hydrogen bromide at 100° gave the dibromide in high yield, the overall! 
yield from indene being again about 30%. Attempts to avoid the use of sealed tubes during 
conversion of the alcohol into the bromide proved unsuccessful. 

Further work is being carried out on the application of this route to the synthesis of 
substituted derivatives of the type described above. 


EXPERIMENTAL. 
(M. p.s are uncorrected.) 

Homophthalic acid (Fieser and Pechet, loc. cit.) was converted into the anhydride by acetic anhydride 
tef. Dieckmann, Ber., 1914, 47, 1432) and into ethyl homophthalate by heating with ethyl alcohol 
im a current of dry hydrogen chioride. The lithium aluminium hydride used was prepared from lithium 
hydride (Pinholt, Bood, and Schlesinger, /. Amer. Chem. Soc., 1947, 1200). 

Reduction of H Athalic Anhydride —Thoroughly dried homophthalic anhydride was placed in 
the thimble of a Soxhlet extractor attached to a three-necked flask fitted with a mechanical stirrer. 
An ethereal solution of lithium aleminium hydride (1-1 mols.; as obtained in the preparation from 
iithiam bydride and containing ca, 25-30 g. of LiAIH, per 100 g.) im the flask was refluxed with 
stirring so that the anhydride was slowty washed in; addition of 30 g. of anhydride required about 
24 hours. Initially, the entry of the anhydride solution caused the deposition of a yellow solid but in 
the later stages of the reaction a white solid was precipitated. When all the anhydride had been washed 
in, the mixture was chilled in ice-water whilst water was slowly added, after decomposition of the 
excess of reducing agent, dilute sulphuric acki was slowly added to dissolve the meta! hydroxide. The 

ueous mixture, separated from the ethereal layer, was continuously extracted with ether for 10 hours. 
The combined ethereal extracts were dried (K,CO,) and evaporated, and the residue was fractionated 
under reduced pressure 

In different experiments, the relative quantities of the various fractions varied somewhat. In one 
experiment, the ethereal solution directly from the reduction of 14 g. of anhydride was worked up 
separately from that obtained by continuous extraction of the aqueous layer. The former yielded 6-65 g. 
of a fraction, b. p. 176—102"/18 mm.; this was a cloudy, viscous o from which no solid benzoyl 
derivative could be obtained by the Schotten- Baumann method, with hydrobromic acid in acetic acid, 
however, it yielded #3 g. of o 2-bromoethylbenzy! bromide and was therefore considered to be impure 
«2- pee thenzyl alcohol. The continuous extract of the aqueous layer yielded, on fractionation, 
an of b. p. 96-—-118°/21 mm., and a non-volatile residue. From the b. p., it woald seem that 
the former is isochroman and with hydrobromic acid im acetic acid it yielded the dibromide (62 g.). 
The total yield of dibromide in this preparation was therefore 14:5 g. (67%) 

In another experiment, 35 ¢ of homophthalic anhydride were reduced and the combined ethereal 
extracts worked u Distillation of the reaction product at 25 mm. yielded §5 g. of ssochroman at 
110°, 1-32 at 180-186", 1-70 at 196-230", and a non-volatile residue. 

On another occasion, the crude product left after evaporation of the combined ethereal extracts was 
converted directly into the dibromide. From 11 g. of anhydride 621 g. of crude reduction product were 
obtained and thence 015 g. of dibromide (485%, calc. on the anhydride). 

Reduction of Ethyl Homophthalate -—\n the usual type of apparatus (three-necked flask fitted with 
mechanical stirrer, reflux water-condenser, and dropping funnel) a solution of ethyl homophthalate 
(15 g.) in dry ether (200 cc.) was slowly added to an ethereal solution of lithium aluminium hydride 
(D1 g. in 230 cx i 3 mols.) at such a rate that gentle reflaxing without external cooling was maintained 
\ithough a small amount of yellow precipitate was formed in the early stages of the addition, the ethereal 
solution remained practically clear throughout. When addition of the ester was complete, the mixture 
was set aside overnight before treatment as above with water and sulphuric acid. The ethereal layer was 
separated and the aqueous layer continuously extracted with ether during 8 hours. The combined 
ethereal solutions were dried (K,CO,) and evaporated, and the residue was distilled under reduced 
pressere to yield a single fraction at 192-—108°/15 mm. g.. 01%). Redistillation gave pure 
o2 alcohol, b. p. 194-—106°/15 mm. (Found: C, 70-6; H, 7-7. C,H,,O, requires 
710; H, 70%) 

The aleohol was heated with p-nitrobenzy! chloride (2 mols.) in pyridine at 100° for 1 hour. After 
cooling, dilution with water, washing with 5%, aqueous sodium hydroxide solution, and drying, three 
ee from alcohol gave the di-p-nitrobensoate, m. p. 141—142-5" (Found: C, 6045; H, 
44. requires C, 61:32, H, 40; N, 62%). 

The ak ohol was treated with pheay! ssecyanate (2 mols.), and the mixture heated at 100° for |hour. On 
cooling, the thick viscous liquid slowly crystallised. Trituration with light petroleum (b. p. 65—75") 
and two recrystallisations from benzene yielded the diphenylurethane which crystallised as long silky 
needles, r 133.1335", containing one molecule of benzene of crystallisation (Found: C, 74-5. 
H, 60 it Oo, Ne C,H, requires C, 743; H, 60%). The solvent-free derivative was obtained by 
ues it ‘a teh 5 mm. for 6 hours the m. p. was unchanged (Found: C, 605; H, 5-85; N, 7-4. 

ON, requires C, 70-6; H, 5-7, N, 

Bromide.—o- 2-Hydroxyethylbenzy! aleohol was heated with a 50%, w/v solution 
of tydoeben mic acid in glacial acetic acid in a sealed tube at 100° for 4 hours. The dark oil, precipitated 
on addition to water, rapidly solidified when scratched. Recrystallisation (charcoal) from light 
petroleum (b. p. 34-50") gave colourless crystals of o-2 bromoethylbenzy! bromide (85%) 

Attempts to carry out the conversion by heating with aqueous hydrobromic acid (48%) in the 
of a trace of sulphuric acid failed. although the initial soluble alcohol was quite rapidly converted into 
a water-insoluble oil, the latter failed to crystallise ewen when refluxing had been carried on for some 
Shours. In the light of this experiment. where it was thought that only one of the alcoholic hydroxy!s 
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212. Aminoalkyl Tertiary Carbinols and Derived Products. Part 111. 
3-T and -prop-\-enes. 
By D. W. Apamson and J. W. Brriincuurst. 


(V1) were prepared by treating 2-pyridyl- 
lithium with the appropriate 2-tertiary-aminoethy! ketone. Dehydration of of the amino- 

ols gave the corr ing substituted a/lylamines (VII), several of which were 
catalytically hydrogenated to the substituted propylamines wy: some of these had been 


warpage da prepared by other methods. Some of the allylamines, like the known propylamines, 
a very powerful antihistamine action. 


Severa of the 3-tertiary-amino-1 : (I) and -propanes (II), described in 
Part I (J., 1949, S 144) exerted a moderate antihistamine action (White, Fawcett, Green, and 
Hudson, to be published). 


(L) Ph,CCH-CHyNR'R* Ph,CH-CHyCHyNR'R® (IL) 

It is known that replacement of the N-pheny! group of the antihistamine “ Antergan “ 
(III) by the 2-pyridyl group, as in “ Pyribenzamine " (IV; R* < Ph) increases the potency. 
Similarly, many recently developed compounds having high antihistamine activity are 
ethylenediamine derivatives carrying a 2-pyridyl substituent {[¢.g., Neoantergan"’; (IV), 
R® p-MeO-C,H,. “ Thenylene”; R®*® = 2-thieny!l) (reviewed by Huttrer, Ene ia, 
1948, 12, 277). Some aminoalky! ethers [e.g., ““ Decapryn ”’ (V)), which may be regarded as 
2-pyridy! analogues of * Benadryl,” have effective antihistamine action (Tilford, Shelton, and 


Van Campen, J. Amer. Chem. Soc., 1948, 70, 4001; Sperber, Papa, Schwenk, and Sherlock, 
ibid., 1949, 71, 887). 


Ph-CHy N-CHyCHy NMe, R*CHy NCH yCHyNMe, 


Accordingly we sought to increase the antihistamine activity of the substituted allylamines 
(I) and propylamines (LI) by replacing one of the pheny! groups by 2-pyridy! to give (VII) and 
(VIII). While this work was in progress La Belle and Tislow (Fed. Proc., 1948, 7, 236) described 
the antihistamine properties of Trimeton "’) 
(VIIa) and recently it has been reported that Chior-Trimeton (VII I¢) is considerably more 
active than “‘ Trimeton " or “ Pyribenzamine "’ (Tislow ef al., Fed. Proc., 1949, 8, 338). In 
other series of antihistamines, also, maximum potency is associated with a halogen substituted 
aryl group, as for example in “ Chlorothen” [IV; R* = 2-(5-chlorothienyl)) (Clapp, Clark, 
Vaughan, English, and Anderson, J. Amer. Chem. Soc., 1947, 69, 1549) and in 4-(4-chloro- 
benzhydry!)-1-methylpiperazine (Baltzly, DuBreuil, Ide, and Lorz, J. Org. Chem., 1949, 14, 
775; Hamlin, Weston, Fischer, and Michaels, J]. Amer. Chem. Soc., 1949, 71, 2731). 


Nt) wn) (vu) 


R* « Ph; NR‘'R* « (a) NMe,, (6) N N < (CH (CH. 
The amino-propanols (VI) were prepared in satisfactory yield by treating the appropriate 
aryl 2-tertiary-aminoethyl ketone with 2-pyridyl-lithium, and were converted into water- 


soluble neutral oxalates for pharmacological test. The ketones, some of which are new, were 
prepared by the Mannich reaction. 


Surprisingly few descriptions of the preparation of 2-pyridy!-lithium are to be found in the 
literature; Berger, Ziering, and Lee (J. Org. Chem., 1947, 12, 904) mention the preparation of 
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4-bydroxy!-4-(2-pyridy!)-l-methylpiperidine, and the reagent is discussed by Spatz (/owa 
State Coll, J. Sei., 1942, 17, 129), but in both cases without experimental details. We 
2-pyridy! lithium by the halogen-interconversion method (Gilman and Spatz, J. Amer. Chem. 
Soe., 1940, 68, 446) from 2-bromopyridine and #-butyl-lithium; the reagent was characterised 
by conversion into picolinic acid by reaction with carbon dioxide. In an early experiment the 
ethereal solution of the reagent decomposed spontaneously, probably because of a rise in 
temperature as no trouble was experienced when the temperature was kept below -— 45". 

An experiment with 2-pyridyimagnesium bromide, obtained by the entrainment method 
(Ovethoff and Proost, Rec. Trav, chim., 1938, 87, 179), in place of 2-pyridyl-lithiam was not 
successful. Kecently Tilford, Shelton, and Van Campen (loc. cit.) described the reaction between 
2-pyridy! magnesium bromide and $-dimethylaminopropiophenone; their product, obtained 
in 4% yield, had b. p. 150-160°/1 mm. (dihydrochloride, m. p. 168-—170"). 3-Dumethylamino- 
(Vla), now obtained in 83% yield from 2-pyridyl-lithium, 
is crystalline solid, m. p. 99-—100° (dihydrochloride, m. p. (decomp.)). 

The reaction discovered by Ashworth, Daffern, and Hammick (/., 1939, 811) by which 
tertiary pyridylcarbinols are prepared by heating picolinic acid with ketones offered a potentially 
attractive alternative route to the aminopropanols (V1). However, we failed to isolate any 
of the desired product when the reaction was applied to §-dimethylaminopropiophenone and to 
chloro-$- pyrrolidinopropiophenone 

The pyridylcarbinols (V1), in contrast with the analogous diphenylcarbinols, were resistant 
to moderately severe conditions of dehydration, ¢.g.. they were recovered unchanged from a 
boiling mixture of acetic and hydrochloric acids (cf. Part I, loc. cot.) This relative stability is 
in accord with the electrophilic nature of the 2-pyridyl group. Dehydration to the 3-tertiary- 
amino-l-aryl-|-(2-pyridyl)prop-l-enes (VII) was effected by aqueous sulphuric acid (85%; 
2 vols.) at temperatures between 100° and 170°, Aminopropanols (Va and 4) were dehydrated 
by thiony! chloride in boiling benzene or chloroform, but this method was not successful when 
applied to other carbinols, 

A number of the allylamines (Vila, ¢, ¢, f, g) were hydrogenated (palladised charcoal) to 
give the corresponding propylamines in moderate yield. Sperber, Papa, Schwenk, Sherlock, 
and Fricano (Abs. 1048 Chicago Meeting, Amer, Chem. Soc., p. 4K; B.P. Appins. 25947, 26873, 
and 27020 /45) have prepared an extensive series of these propylamines, including Trimeton 
and “ Chior-Trimeton,” by condensation of 2-tertiary-aminoethy! halides with «-(2-pyridyl)- 
benzy! cyanide and subsequent removal of the cyano-group, and by related methods. Some 
of the propylamines now described, namely (VIII ¢, /, and g) appear to be new. 

The compounds have been examined for pharmacological activity by Dr. A. C. White and 
Mr. A. PF. Green of the Biological Division of these Laboratories. The carbinols were not of 
interest, The allylamines, like the propylamines, were outstanding for their antihistamine 
activity (assessed in histamine-induced asthma in the guinea-pig and in the isolated ileum of 
the guinea-pig). The influence of the tertiary-amino-substituent did not appear to run parallel 
in the two series; in the allylamine series the pyrrolidino-group (as in VIlg), had the most 
favourable etiect, whilst in the propylamine series the highest activity is found in the dimethyl- 
amino-compounds (as in VIIl¢, “ Chior-Trimeton "). The pharmacology of these compounds 
will be described elsewhere 

Investigations in this series aré being continued. 


EXPERIMENTAL. 
(Micro-analyses by Mr. A. Bennett. M. ps are uncorrected.) 

Aryl 2-Tertiary-aminosthyl Ketones (Table 1).--The amino-ketones were readily prepared by the 
Mannich reaction | Blicke, Organic Reactions, 1042, Vol. 1, p. 303). The aryl methy! ketone (1 mol.) and 

raformaidehyde (1-5 equivs ) were added to a solution of the secondary amine hydrochloride (1 mol.) 
in ethanol (250 ¢.¢.) containing a few drops of concentrated hydrochloric acid. (It was convenient to 
pr) mare solutons of the hydrochlorides of pyrrolidine, piperidine, and morpholine by adding concentrated 
»ydrochioric acid to an ethanolic solution of the base until the solution was acid to Congo-ted.) The 
mixture was boiled under reflux for 3-4 hours, approximately half of the solvent was then removed by 
evaporation, and the resxdue set aside. The hydrochloride of the amino-ketone which crystallised was 
sufficiently pure for subsequent use. Purther quantities were obtained from the mother-liquor 
basification, extraction with ether, and reconversion into the hydrochloride which was then recrystall 

The bydrochiories were converted into the bases shortly before use by suspension in water, 
basification with aqueous ammonia, and extraction with chloroform. The extract was washed with 
water, dried (Na,SO,), and evaporated under reduced pressure (bath-temp >50°). The bases dissolved 
readily in ether except p-cAloro 8-morpholinepropiophenone which was sparingly soluble; in this case 
benzene was used as solvent tm the subsequent reaction with 2-pyridy!-lithium. 
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3- (Table 11).-The method used for the 
by the following example. 

in anhydrows ether (200 « c.) was added lithium (6-9 g.. 1 atom) 
mixed with a few glass beads i by th ee 
of the chioride was adjusted to maintain gentle reflux. After the edition (about 30 minutes) the 
mixture was boiled ander reflux with stirring for | hour. Excess of lithium was removed by filtration 

wool (anhydrous conditions), and the filtrate cooled to —45°. 2-Bromopyridine (55 g.. 
ether ©.) was added 15 minutes and stirring continwsd for 6 minutes. 
p-Chioro--pyt dit hich the tr in anhydrous ether (100 was then added 
dropwise during 20 minutes, after which 
continued for 3) minutes. An imert at tained up to this stage by passing a slow 
stream of dry nitrogen through the apparatus 
The reaction mixture was on crushed ice (100 ¢ ). and glacial acetic acid was added until the 
solution was acid to litmus he aqueous layer was separated and washed with ether, aqueous ammomia 

_ and the base extracted with chloroform. The chloroform extract was washed with water, dried 
(Na,SO,). and evaporated. The residual brown syrup (24 g.) was boiled ander refiux with light 
petroleum (b. p 80°: 300 «.c.) and then cooled, — the su tant liquid was decanted from 
insoluble tar. Evaporation of the solvent gave an ora solid, m. p. 128—130° (22 g., 69%). 
Rec allisation from gave clusters of cream -cc needles. m 130131 

amino-propanols prepared by this method are recorded in Table I]. Omitting to remove the 
excess of unchanged lithium redaced the yields of cartinols from the p-chic heny! ketones, but those 
from the unsubstituted pheny! ketones were not affected. The majority of carbinols were purified 
as described in the example, but in some cases the pr rifcation by treatment with _— 
petroleum was unnecessary. In two examples (Wifand a) the product was purified by distilla: 
under reduced 


The neutral osalates were prepared mixing the base (1 mol.) in ethanol (2 vols.) with a warm 
solution of anhydrous oxalic acid (1-1 .) in ethanol (2 vols). The salt crystallised on cooling and 
was usually pure after one recrystallisation. The ditydrochlorides of (Vie and /) were 
om way dry hydrogen chioride into a cooled solution of the base in chloroform until acid to Congo- 
Ether 


was then added in small portions with scratching, and the solid bipitate filtered off and 
recrystallised. The methiedide of (Via) was by adding ay ‘odide ide (2 c.c.) to a solution of 
the carbinel (10 g.) in acetone (Scc.). A several hours, the crystalline precipitate (1-4 g.) was 
filtered off and recrystallised from ethanol 

Prcolime Acid from A small sample of lithium solution prepared as 
above was treated with solid carbon dioxide. The precipitated filtered off, washed with hot 
ether, and dissolved in dilute sulphuric acid. The solution was heated to boiling and excess of hot 
saturated copper sulphate solution added. The salt which ated on cooling was recrystallised 
from water, redissolved in hot water, and eenpene = with hydrogen sulphide. The filtrate was 
evaporated and the residue recrystallised from ethanol benzene to give substantially pure picolinic 

136196". 

wr Bromide.—Ethy! brocnide (3 g., 0-028 mol.) in anhydrous ether (10 c.c.) 
was added to magnesium turnings (12:5 g.,0-51 mol.). A solution of 2-bromopyridine (39-5 g., 0-25 mol.) 
and ethyl bromide (12-6 g., 0-115 mol.) in ether (250 ¢.c.) was then added with continuous stirring at such 
a rate as to maintain gentile boiling. After the mixture had boiled for 2 hours, finely powdered 8-piper- 
dinoproptophenone hydrochloride (104 g., 0-41 mol.) was added im portions to the cooled and stirred 
solution, and the mixture boiled under reflux for 3 hours. The product was decomposed by ice and 
ammonium chloride and worked wp in the usual manner to give a brown syrup (88 g.). Distillation 
ave two main fractions, («) b 112-—128/0-5 mm. (44 g.) and (6) b. 100.138 /0-03 mm. (20 g.). 
Some decomposition oceurred w fraction (6) was fractionally dist under reduced pressure and 

the fractions failed to yield the required solid carbinol (Vid) 

Reaction of Prcotinue Acrd A mino-hetones —-Reaction between picolinic acid and §-dimeth 
aminoproptophenone or p-chiore-8-pyrrolidinopr: yhenone, either as base or as hydrochloride, fai 
to yield the desired carbinols. F.¢., picolini (05 g.. 0-004 mol.) and 
propiophenone (2-0 0-012 mol.) were mixed, the temperature slowly raised to 180°, evolution of 
carbon dioxide then inning, and kept at 180° until evolution of the gas had ceased (3 hours). The 
product was dissolved in dilute hydrochloric acid and ether, and the aqueous layer separated and washed 
with ether, Excess of aqueous ammonia was added, the oil extracted with ether, and the ethereal 
extract washed with water, dried (Na,SO,), and evaporated. Extraction of the residual (0-5 g. 
with light petroleum (b. p. 60-80") gave a yellow oil (0-1 g.) from which the required crystalline ca 
(V1g) could not be isolated 

(VII) (Table III).—(e) The allylamines (Vile 
and 4) were obtained in 95% yield by dehydration of the corresponding carbinois with thion c 

as below. Repetitions of these expermments did not give uniform results, and the method tailed when 
opplied to other cartinols, quantities of non-volatile tars being formed. 

Example: Thiony! chloride (7 g.) in benzene (7 c.c.) was slowly added with cooling to 3-dimethyl- 
amino-!-phenyl-1-(2-pyridyl)propan-l-ol (Via) (7-5 g.) im benzene (25 ¢.c.). The solution, from — 

an oil had separated, was boiled under reflux for 2 hours and then evaporated under reduced 
The resxiue was dissolved in dilute hydrochloric acid, boiled with charcoal, filtered, basi rand 
extracted with chloroform. The chloroform extract was washed with water, dried (Na,SO,, 
evaporated. The residual ot] was distilled under reduced pressure to give 3-dimethvlamino-1 ort 
(Vile) as a pale yellow oil, b. p. 108° 0-05 mm. (67 g., 95%) 

(6) The most satisfactory general method and one which gave ucible results was to heat the 
carbinols in aqueous sulphuric acid (85%) for 10-20 minutes at } 170°, the required temperature 
varying as shown in Table ITI]. The yields of distilled product were 60—85%. 
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Example: 3- i 1)-1-(2-pyrid: .) im aqueous 
sulphuric acid (85 ae) ben on the steam-ba was poured 
imto water, excess aqueous ammonia added. and the base extracted wh ations. The chloroform 
extract was washed with water, dried (N. , and evaporated, and the residue distilled under reduced 
ive 3-pyrrolsdino-1- }-1-(2-pyridyl)prop-l-ene (VIlg), b. p. 165—169/0-01 mm. 
the allylamines were converted into malcaies were from (Vile 
solution 


and g). (VIIa) gave the monchydrochloride, end the when a 
of chionde. 


2-pyndyi (VIII) (Table [V).-The propylamines summarised 
~amino-1- -1-{ iyi) ) 

catalytic an ethanolic solution of the 

allylamine ¢ of tbe bane anid below. The were 
55-70%, were perihed by distillation and converted into meutral the neutral 
oxalate of Vili) wae obtained fom the tase The m. p-s of the oxalate and picrate of 
(Ville) rimeton were similar to 


: +-Dimethylamino-1- (Vile) in glacial 


(15 c.c.) was shaken in hydrogen in the (prepared 
by a method to that described in Ong. 1988 
product was diluted with water, filtered to remove the catalyst 
and extracted with ether. Te ethereal extract was washed with water, dred (NaSO , and evaporated. 
The residue (2-4 g.) was distilled under reduced pressure to give 3-dimetbylamino-1- yi)-1- 
(2-pyrid 1) (Viti), >. 122—124/0-01 mm. mmm. (1 

01-0 g) was disscl solved in ethanol (1 ¢.c. m 
m. p 


Curmicat Division, Wettcome Reszarcn LapoxaTorigs, 
Becxex 
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213. The Replacement of the Halogen Group of Acetohalogeno- 
sugars with Retention of Configuration. 
By G. A. Howarp. 


sugars wi er aS version in a intermediate is 
mechanism suggested for the reaction ree 


Tur synthesis of cytidine (Howard, Lythgoe, and Todd, J., 1947, 1062) involved the preparation 
of acetobromoribofuranose, a syrup whose configuration was not established. The two glycosides, 
cytidine and theophilline-7-p-ribofuranoside prepared from it, were shown, however, to have 
the §-configuration (Howard, Lythgoe, and Todd, Joc. cit.; Davoll, Lythgoe, and Todd, J., 1948, 
1685), and the acetohalogeno-compound would normally have been designated as an «-compound. 
At least one case was noted, however, where an isomeric (x-)glycoside appeared to be produced 
and, although no definite configuration can be assigned to the acetohalogenoribofuranoses 
without further evidence, this unusual reaction prompted a literature search for the behaviour 
of acetohalogeno-sugars similar in type. 

A number of cases was found (see Table) in which such acetohal reacted, 
without inversion, with nucleophilic reagents. This failure to produce glycosides ofan os pow 
configuration has been remarked only by Hickinbottom (/., 1930, 1338) and by Brig! and 
Keppler (Ber., 1926, 59, 1588). No satisfactory explanation was given ; although the compounds 
they studied are not identical in type with those dealt with here, their behaviour may have a 
similar cause. 

Ingold and his co-workers showed (j., 1937, 1252) that the heterogeneous reaction of an 
alkyl halide with a silver salt resembled homogeneous S,1 reactions, the reaction taking place 
on the surface of the insoluble silver salt. The intermediate reactant is thus a carbonium ion. 
When acetohalogeno-sugars react with silver salts this carbonium ion will not be free, since the 
expelled group will shield the ion from attack in that direction, and inversion rather than 
racemisation will take place. Now there is a configurational similarity between most of the 
acetohalogeno-sugars listed in the Table: there is a cis-arrangement of the acetoxy-groups at 
Cw and C,,, and a frans-arrangement of the halogen atom at C,,, and the acetoxy-group at C,,,, 
ef. (I). The carbonium ion formed from compounds of this type could be a resonance hybrid 
in which (II) is one canonical structure (Winstein and Buckles, /. Amer. Chem. Soc., 1942, 64, 
2780). Attack at C,,, by a nucleophilic reagent then gives a compound (III) with the same 
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configuration as the original acetohalogeno-sugar. This double inversion is the mechanism 
suggested for the reactions shown in the Table, except that for 1-8-chloro 3 : 4 : 6-triacety! glucose 
the intermediate may be of type (TV). 


@ Acetob Theophylime-7- ~e-thamnoside ........... 

—Trtmeotyl ..... 6 
Bromo 3 é-tribeasoy! ribose —Teibensoy! and 
1-#-Chioro 4: G-triacetyl glucose ..... 
34 -trichloroacetyl glucose 10 


* Paceu, loc. off. * Micheel and Micheel, Ber., 1930, 63. 386. * Isbell, J. Amer. Chem. Soc., 1930, 
68. 6205. * Levene and Wolfrom, Biol. Chem., 192%, 78, 525. * Fischer and Fodor, Ber. 1914, 
47, 1058. * Fischer, Bergman, and Rabe, 1920, 68, 2362. Levene and reported Biol. 
Chem., 1925, @, 463. The configuration of the theophylline riboside was not ~~ its 
molecular rotation and theoretical considerations (Howard, Kenner, Lythgoe, and Toad. 30 
S61) suggest that it, like the (Pacsu) is a Bcompound. * Hudson, 

Chem. Soe., 194%, 70, 4055 Brigi aod Keppler, lec. at. “ Hickinbottom, loc. cit. 


Most acetohalogeno-sugars with a frans-1-halogeno-2-acetoxy-grouping react normally with 
inversion; the presence of a cis-2 : 3-diacetoxy-grouping is, apparently, necessary for reaction 


without inversion to be possible. The function of the 3-acetoxy-group is, presumably, to 
restrict the movement of the carbony! group in the C,,.-acetoxy-group to the neighbourhood 


H ? H H——O-COR 
a) (1) 


of Cy. In this connection it is interesting to note that Brauns (J. Res. Nat. Bur. Stand., 1931, 
7, 573) showed by means of models that in the acetyl mannoses the carbonyl oxygen of the 
Cyacetoxy-group is in the neighbourhood of C,,. The coplanarity or otherwise of the sugar 
lactol ring may be another factor of importance in this connection. A mechanism similar to the 
one advanced here was suggested by Paceu (“ Advances in Carbohydrate Chemistry,”’ 1945, 1, 
113) to explain the formation of ortho-esters from sugars of type (I); the effect of the C,,,- 
acetoxy-group was, however, not considered. 


I tender thanks to Professor A. KR. Todd, F.R.S., for his interest and advice 
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214. The Preparation of Hexafluoroniobates, Hexafluorotantalates, and 
Hexafluorobismuthates by Means of Bromine Trifluoride. 


By V. Gutmann and H. J. Emeritus. 


Niobium and tantalum, or their pentoxides, react with bromine trifluoride to give the 
Aucrobromonium hexafluoronsobate and hexaflworotantalate ((BirF,)NbF, and (BrF,)TaF,), 
which act as “ acids in bromine trifluoride and are neutralised by bromofiuorides to give 
hexaflucroniobates MNDF, and MTaF, respectively. Salts of Nthium, 
sodium, fpotasssum, rubidium, and ca@sium were prepared in this way, but the calciwm and 
barium salts always contained bromofluoride, the formation of which 1s believed to be due to 
solvolysis. HBiamuth pentoxide containing 70%, of quinquevalent bismuth reacted with bromine 
triffuoride to give bismuth osyirifuonde containing muth | trifluoride Bismuth 
formed with bromine trifluoride the /luorobs thate |(BrF,) , which 
behaved as an “ acid “ in bromine trifluoride and reacted with silver Seonetieesida® forming 

Aucrotismuthate. The hexaflucrobismuthates of sodium, potassium, and rubidium 
contained bromofluarides, probably owing to solvolysis in bromine trifluoride. 


Larrie is known of the hexafl jobates and hexafl »tantalat Ruff and Schiller 
(2. anorg. Chem., 1911, 73, 329) showed that the anhydrous pentafluorides of niobium and 


Acetohalogeno-sugar Product Ret. 
$ 
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tantalum formed only traces of complex fluorides with potassium fluoride, even at their 

points. Balke and Smith (/. Amer. Chem. Soc., 1908, 30, 1637) prepared the double salts 
RbF,NbF, and CsF.NbF, by repeated recrystallisation of the compounds 2RbF,NbOF, and 
2CsF,NbOF, from 35% hydrofluoric acid, Ant Wuorinen (Suomen Kemistilehti, B, 1940, 3) 
reported the formation of thallous hexafl iobate from thallous fluoride and a solution of 
niobium pentoxide in hydrofluoric acid. Hahn and Puetter (Z. anorg. Chem., 1923, 127, 153) 
isolated the free acid HTaF,,6H,O and the ammonium salt, and Balke (/. Amer, Chem. Soc, 
1905, 27, 1140) made lithium, sodium, and caesium hexafi lates from the alkali-metal 
carbonates, tantalum pentoxide, and hydrofluoric acid. 

The use of bromine trifluoride as a reagent for preparing hexafl hosphates, hexafluoro- 
arsenates, hexafluoroantimonates, and hexafluorovanadates has already been described 
(Woolf and Emeléus, ]., 1949, 2865; 1950, 164; Emeléus and Gutmann, /., 1949, 2979), It 
was expected that it would react with metallic niobium or tantalum and form the penta- 
fluorides : in fact reaction with the metals occurred with incandescence and there was also a 
vigorous reaction with the pentoxides. In either case a clear solution remained from which, on 
evaporation of excess of bromine trifluoride in a vacuum, white or slightly yellow incrustations 
remained which contained bromine trifluoride and the metal pentafluoride in a 1:1 ratio. 
These products reacted much less violently with water or carbon tetrachloride than did bromine 
trifluoride. The compounds decomposed in a vacuum at 150--180° with volatilisation of a 
mixture of bromine trifluoride and the metal pentafluoride. Their formulation as the “ acids “ 
(BrF,)NbF, and (BrF,)TaF, (fluorobromonium hexafluoroniobate and hexafluorotantalate) is 
justified by the neutralisation reactions referred to below. It is probable that chlorine 
trifluoride, which is not known to form “ acids’ and “ bases" as bromine trifluoride does, 
would yield the meta! pentafluorides under the above conditions. 

The reactions of the compounds NbBrF, and TaBrF, with potassium bromofluoride in 
bromine trifluoride solution yielded anhydrous potassium hexafluoroniobate and hexafluoro- 
tantalate by a neutralisation reaction (¢g., BrF,*NbF,~ + K*BrF,> == KNbF, + 2BrF,). 
When mixtures of niobium or tantalum with potassium chloride were treated with excess of 
bromine trifluoride the hexafluoro-complexes were again formed, In a similar way, by use of 
sodium carbonate, rubidium bromide, and cwsium bromide, anhydrous sodium hexafluoroniobate, 
rubidium hexafluoroniobate, and casium hexafi iobate were obtained as white crystalline 
non-hygroscopic solids. It is very likely that the last two compounds are identical with the 
double salts RbF,NbF, and CsF,.NbF, described by Balke and Smith (/oc. cif.). These reactions 
support the view that the bromofluorides of rubidium and caesium exist in bromine trifluoride 
solution (Sharpe and Emeléus, /., 1948, 2135). On the other hand it is also possible to prepare 
lithium hexafluoroniobate from lithium carbonate, niobium, and bromine trifluoride, but no other 
indications of the existence of lithium bromofiuoride are known. Lithium, sodium, rubidium, 
and c#sium hexafluorotantalates were prepared similarly. The alkali hexafluoroniobates and 
hexafluorotantalates are but slightly soluble in hot or cold water. They are more stable than 
the hexafluorovanadates (Emeléus and Gutmann, Joc. cit.), The lithium salt is readily 
hydrolysed by boiling water. All are soluble without decomposition in hydrofluoric acid. 

Silver hexafluoroniobate and hexafluorotantalate were prepared by mixing silver and the 
appropriate metal in atomic proportions and adding bromine trifluoride, but the calcium and 
barium salts could not be prepared free from bromine. This is believed to be due to solvolysis 
which leads to contamination of the product by bromofluoride [¢.g., Ba(NbF,), + 4BrF, <> 
Ba(BrF,), + 2NbBrF,). 

The last element of Group V for which fluoro-complexes might be expected is bismuth. 
Neither bismuth pentoxide nor bismuthates can be prepared in a pure state, but always contain 
considerable amounts of tervalent bismuth. Ruff (Z. anorg. Chem., 1908, 57, 220) obtained 
the compound BiOF,,3KF and the corresponding sodium salt from the reaction of a mixture of 
bismuth pentoxide and alkali-metal fluoride with 60%, hydrofluoric acid. The anhydrous 
oxytrifiuoride, BiOF,, was however unknown, The pentafluoride was prepared by 
von Wartenberg (Z. anorg. Chem., 1940, 244, 337). It was hydrolysed by hydrofluoric acid, 
whereas the oxytrifluoride is soluble (see below). Weinland and Lauenstein (Z. anorg. Chem., 
1899, 20, 46) mentioned the formation of an unstable potassium flucrobismuthate or oxyfluoro- 
bismuthate, and it ecems very likely that only the latter was obtained. Further unsucessful 
attempts to prepare h thates were reported by Ant Wuorinen (loc. cit.). 

Tervalent bismuth compounds are not converted into the pentafluoride by bromine trifluoride, 
probably because the trifluoride is insoluble in the reagent (Emeléus and Woolf, J., 1950, 164). 
The pentoxide prepared according to Deichler (Z. anorg. Chem., 1899, 20, 81) contained only 
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70°, of pentoxide and reacted readily with bromine trifluoride forming a white solid, which was 
shown by analysis to be a mixture of bismuth oxytrifluoride and trifluoride. It was readily 
hydrolysed by water or by acids, other than hydrofluoric acid, with precipitation of the chocolate- 
brown pentoxide. 
Bismuth pentafluonde, prepared by fluorination of the trifluoride at 550° (von Wartenberg. 
ett.), was sparingly soluble in bromine trifivoride (ca. OT g./100 g.). After evaporation of 
the solvent ffs hexafluorobs smuthat (BrF,)BiF,, remained. This resembled the 
antimony, tin, gold, tantalum, and niobtum ‘ ‘acids.” It was a white hygroscopic 
solid, which decomposed appreciably in a vacuum at 70°. When a solution of this compound in 
bromine trifluoride was allowed to react with silver bromofluoride, the compound silver 
hesaft b thate was formed. This was a white and slightly hygroscopic solid which was 
readily hydrolysed by water or by acids, other than hydrofluoric acid. Sodium, potassium, 
aod rubidium hexafluc ithates could not be prepared free from bromofiuorides, probably 
because of the ready solvolysis of these compounds. Attempts to prepare a barium salt were 
unsuccessful. 


EXPERIMENTAL. 
Reaction of Niobium and Tantalum with Bromine Trifluoride.——The two metals in the form of 
were in bromine which was cooled in liquid air in a silica flask, and treated 4 with 


4 small excess of bromine trifluoride, with intermittent coolimg to moderate the reaction After a few 
minutes’ refluxing to ensure complete reaction, excess of bromine triflaonde was pumped off at 30° in a 
vacuum. Pluorine in the products was determined by the Willard-Winter method (Jad. Eng. Chem 
Anal, 1933, 6, 7), and niobium and tantalum were determined by dissolution of the product m dilute 
pe pea acid, precipitation with aqueous a, and weigh as the ignited pentoxides. The 

i salts (see below) were determ as sulphates im the filtrates from the ammonia precipttations. 
Barium was removed from the barium salts by precipitation as sulphate before determining other 
elements. Calcium was determined by precipitation as calcium fluoride, and bromine as silver bromide 
after reduction bape hee rous acid 

The reaction of m pentoxide with bromine trifluoride was much less vigorous than that of 
niobium metal, in either case the hygroscopic yellow incrustation remaining after removal! of excess of 
bromine trifluoride was rapidly decomposed by water with evolution of bromine and hydrogen fluoride 
It reacted with carbon tetrachloride, but less vigorously than did bromine trifluoride (Found: Br, 24-8, 
Nb, 201; F, 46-8 equiv., 322. NbirF, requires Br, 24-6; Nb, 286; F, 468%; equiv., 325). 
The compound lost bromine trifluoride when heated, the thermal stability in a vacuum being shown 


ine trifluoride and the pentafluorkle were pump ly as formed and condensed. 

Temperature ..... » 120 in” 
Time of heating (hrs) 6 i 15 
Decomposed, % 72 47-7 916 


Tantalum powder or pentoxide reacted similarly with bromine trifluoride, the product being very 
hygroscopic and reacting violently with water (Pound: Ta, 440; Br, 1&7; F, 364%; equiv., 422. 
Tale? requires Ta, 43-0, Br, 194; F, 36-7 equiv., 413). The thermal stability was greater than 
that of the niobium compound, as is shown 4, “the following data for the decomposition in vacuum 


Temperature ...... 100° 120° in’ 175° 200 
Time of (ure) 6 1 ! ! i 


Preparation of SBR AAT ~-Lithium Aexafluoromobate was prepared by the reaction of excess 
of bromime trifluorale with an equimolecular mixture of lithium carbonate and niobium, with lithiam 
chloride reaction was incomplete (Found; Nb, 434; F, 525%; equiv., 213. LiNbF, requires Nb, 
436. PF, 53-1%; equiv, 214). The lithium salt was a white non hygroscopic solid easily hydrolysed 
by water Sods rafluoromtobate was obtained by the reaction of excess of bromine trifluoride with 
a 1: L mixture of sodium carbonate or fluoride and niobium (Found : Nb, 40-1; F, 482%; equiv., 226 
NaNbF, requires Nb. 40-4, F, 496%; equiv., 230). The white solid was sparingly soluble in water, 
but dissolved readily in bydrofluertc acid. Potassswm hexafuoromobate was obtained similarly, using 
either potassium chloride or potassiam Muoride. An alternative method was also used to show the 
occurrence of a neutralisation reaction A solution of potassiam bromofiuoride in bromine trifluoride 
was added in the calculated proportion to a solution of fuorobr hexafl bate (NbBrF,) 
in bromine trifluoride After removal of the solvent the hexafluoroniobate remained as a white non- 
we solid which was stable ia air, sparingly soluble in water, and soluble in hydrofluoric acid 

mand: K, 150: Nb, 385. F, 467 equiv. 251. KNbF, requires K, 15-8; Nb, 37-9; F, 46-3%; 
equiv, 246). When in the Rite | by the first method niobium and potassium chloride were used 
in a 1:2 ratio, but a ll mixture of potassium hexaflucroniobate and bromo- 
fluoride, was (Found: K, 185; Nb, 200: F, 42-7; Br, 156%; equiv., 468. Calc. 
for KNDPF, + KBrPF,: K, 17-7; Nb. 21-2, F, 43-0; Br, 182%; equiv., 44)). 

Rubsdium hexatluce roniobate was pr red by using rubidium bromide, and was y identical! 
with the double salt RDF_NbF, obtained Balke and Smith (/. Amer. Chem. Soc., 1908, $0, 1637). It 
was almost insoluble in water and dilute mineral! acids, ex acid (Found : Rb, 28-5; 
Nb, 31-2; F, 302; Equiv, 205. Cale. for RONDF,: Rb, 29-3; Nb, 31-8; F, 35-09%; equiv., 293) 


‘ 


Ca, 30-1; Nb, 27-4; % equiv. 340). In the 
Siover en liver wan mised the 


Fie pale liowed to react with an excess of 
yellow silver salt was soluble in water and in dilute acids (Found 
36-2 . AgNbF, requires Ag, 34-2; Nb, 206; F, 362%; equiv., 
calcium fluoride and niobium (1: 1) were treated with excess of bromine the product 
contained bromine, but less than would be expected for a 1: | mixture of the hexaflucroniobate and 
bromofiuoride. When this uct was heated to 35° in a vacuum bromine trifluoride was evolved 
slowly. the product as calculated from the analysis contained calcium hexafluoro- 
ead sichiem were in 1 : 3 satio tor the omtobate 
was formed (Found: Nb, 38-4; equiv Ca(Nb requires 410; FP, 
454). Barnum jam (1: 2) ve partly solvolysed barium 
ound: Ba, 21-9; 31-3; F, 435; £8%: equiv, 644. 0-05 
Bir, + 0-08 Ba(BrF J), requires Ba, 2146: Nb, 39-3: Br, 44% ; equiv., 
Preparation of H from lithium 
carbonate. It was stable in air, but was decomposed by with, separation of lithium ftluornde 
(Found: Ta, 58-9; PF, 35-4% ; equiv., 319. Cale. for Ta, 37-7 uiv., 302). 
ae ay py formation of tantalate took place with sodium fluor 
: 1) (Pound: Na, 7-2; Ta, 56-9; F, 36-90%; 
of} potassium bromofluornde with flu . 
also obtained by the reaction of equimolecular amounts of potassium chioride and tantalum with bromine 
(Found 11-0; Ta, 53-4; F, 343%; equiv. 46. KTaF, requires K, 11-7; Ta, 64-2; 
uiv ) 
Rubidina hamaflusretentalate was formed as a white non-hy solid by rubidium bromide 
it was insoluble in dilute acids except : Rb, 22-0; Ta, 47-8; 
F, 30-3%; equiv., 375. RbTaF, requires Rb, 22-5; ; equiv., 380). Cesium 
hexafluorotantalate was red similarly (Found: Cs, 31 4: Ta. 420; FP, 274%; equiv., 435. Cale. 
for CsTaF,: Cs, 31-1; Ta, 42-3; F, 266% uiv., 428). Silver herafluor was obtained as a 
yellow solid from silver powder or silver Like the alkah salts, it was soluble in bromine 
Fatt As. 26-5; Ta, 44-2; F, 28-68%; equiv., 407. AgTaF, requires Ag, 26-7; Ta, 45-0; 
28-3% uiv., 403) 
Calcium feoride was not completely converted into calcium hexafi 
ca Ca, @1; Ta, 57-6; F, 36-3; Br, 21 
Ca(TaF Ta. 573 equiv., 630). Similarly, the 
was slig tly solvolysed barium Ba(TaF ),009BrF, (Found Ba, 170; Ta, 4740; 
F, 31-2: Br, 49%: equiv. 749. Cale. for Ba(TaF,),: Ba, 189; Ta, 408: FP, 31-3%: equiv., 727). 
Formation of Bismuth Oxytri flwonde— Bismuth was p chlorime 


repared by passing 
a boiling suspension of bismuth trioxide in concentrated potassium hydroxide (Muir, /., 1876, 29, 1 
Deichler, Z. anorg. Chem., 1899, $0, 81) (Found: Bi, 82-6; 2-77 g.-atoms of iodine = 69 1% nv. 
Cale. for Bi,O,: Bi, 83-9% : 4 g.-atoms of iodine). The oxide reacted Meee with bromine 
trifluoride with of a mixture of BIOF. and some unchanged Bi , (Found: Bi, 


76-0; F, 20-8; 1-39 ¢. atoms of iodine = 695% equiv., 273. Cale. for BIO 
20-2%; equiv., 282). lodine titration gave et Bat results only in the absence of 
thus was carried out after hydrolysis to bismuth pentoxide. 
poration of Fluorobromonium Hexaft thate, BiBrF , —Bismuth trifluoride was precipitated 
ing a solution of bismuth trioxide in acetic acid to a solution of sodium fluoride (Domange, 
opt rend. 1941, oo 31). It was converted into the pentafluoride by fluorination at 500° (von 
Wartenberg, Z. anor amps , 1940, 244, 337). The fluorination was done im a nickel boat in a nickel 
tube, the exit end o which was cooled in water to trap any pentafluoride which sublimed, and fitted 
with a standard ground joint. After the reaction the pentafluoride was transferred in a stream of dry 
to a weighed nickel flask, fitted to the exit end of the reaction tube by the standard joint. The 
flask was stoppered and re-weighed, and a large excess of bromine trifluoride was added. A white 
hygroscopic product remained after excess of bromine trifluoride had been removed in a vacuum (Found : 
Bi, 40-1; F, 34-2; Br, 15-8%; equiv..419. BiBrF, requires Bi, 47-4; F, 34-5; Br, 181%; equiv., 441). 
this was heated in a vacuum bromine trifluoride was evolved and bismuth pentafluoride remai 
The following data show the decomposition with successive periods of heating at gradually increasing 
temperatures. 


Temperature 100" 120° 
Time of heating (hrs.) 5 1 i ! i 
Decomposed, % 


23-0 83.2 100-0 


Bi, 74-3; F, 
fluoride and 


Preparation of Stiver H ismuthate. —Fluorobromonium hexafi thate was prepared 
im bromine trifluoride solution and, while the nickel flask was cooled, the calculated quantity of wiver wae 
added. The mixture was warmed to complete the reaction and, after removal of excess solvent and 

equiv., 435. AgBiF, requires Ag, 2560; Bi, 46-6; equiv., 
‘stable than bismuth pentafluoride, im the bydrol which some 

ysate. 
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Cesium hexafluoromiobate was obtained simi 
26-1; F, 33-7; equiv., 335. Cale. for CaNbF 
preparation of silver hesafluoromobele, cither 
salt gave 95%, of the | was a 
: Prdrodieor which contained bismuth pentoxide. It was redeced by sulphur dioxide and dissolved in 
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At to alkah b ft thates gave products comtaiming 

fi bismuthate was obt from sodium 
F, 32-5; Br, 63%; equiv. 390. Calc. for Bi, 603; F, 
miature of tusmuth pentafluonde and potassium chlonde gave impare 
which was less solvol Bi, 54-2; F, 32-5; Br, 26%: equiv., 

Mi, 67-7; F, 314%; , 362). In a similar way solvolysed rubidiam 

bismethate was obtained from rubidium nide (Found Bi, 40-4; F, 262; Br, 18%; equiv., 444. 
Cale. for Bi, PF, 27-90%; equiv., 408). 


One of the authors (V. G.) thanks the British Council for a Scholarship. 
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215. The Preparation of Complex Fluoro-acid Salts of Metals 
and of the Nitronium Ion by Means of Bromine Trifluoride. 
By A. A. Woorr and H. J. Emectus. 


Salts of complex flucro-acids have been prepared by two general methods. In the first an 
oxy-aalt is t d with b trifluoride, and in the second, of wider application, mixtures 
of substances, which may be metals, oxides, oxy-salts, or halides, capable of reacting as “ acids ” 
and “ bases’ in bromine trifluoride, are treated with the latter. The conversion of borates 
into tetrafluocroborates is an example of the first method, the reaction of a mixture of silver and 
arsenious oxide with bromine trifluoride to yield silver hexafluoroarsenate is an example of the 
second. The second ure has also been used in the production of nitronium salts. 
Dinitrogen tetroxide, oxide, and bromine trifluoride, instance, yielded sitrontum 
tetrafluorobor ate. Nitromium tetraflucroaurate, hesafluorostannate, hesafluorophosphate, hexa- 
fucroarsenate, and hexa/ je were produced similarly. 


Tue formation of certain salts of complex fluoro-acids by neutralization reactions in liquid 
bromine trifluoride has already been described (Woolf and Emeléus, /., 1949, 2865). These 
observations have now been extended by the preparation of tetrafluoroborates, hexafluoro- 
phosphates, hexaflucroarsenates, and hexafluoroantimonates. Salts of complex fluoro-ions of 
aluminium, indium, thallium, zirconium, hafnium, thorium, lead, bismuth, selenium, tellurium, 
molybdenum, tungsten, uranium, iodine, and manganese could not be prepared by the methods 


described below, on account of the insolubility of the resulting fluorides in bromine trifluoride, 
ot the displacement of a less stable complex by the tetrafluorobromite (bromotetrafluoride) ion 
It has also been shown that mixtures of metallic nitrates and compounds capable of yielding 
anions of the above acids when treated with bromine trifluoride gave salts of the nitronium ion 
NO,*. 

There are two general preparative methods available. In the first, equivalent amounts of 
substances which produce the “ acid " and “ base “ in bromine trifluoride are mixed in that 
solvent, and the excess is removed in vacuo after the reaction has been completed. If, for 
example, silver and phosphorus pentabromide are mixed with excess of bromine trifluoride the 
salt, silver Aexafluorophosphate, results. The reaction mechanism is believed to involve an 
ionic reaction between the base AgBrF, and an unstable acid (BrF,)PF, (Emeléus and Woolf, 
J.. 1960, 164). Similarly, to quote another example, a mixture of lithium carbonate and antimony 
trioxide gives lithium hexafluoroantimonate » again it is believed that there is a reaction between 
the base LiBrl, and the acid peg The element, its oxide, carbonate, or halide can be 
used as the source for “ acid” ‘base.”” The second preparative method, which is less 
general, involves the reaction hceniin bromine trifluoride and a suitable oxy-acid salt, in which 
the elements need be present in the correct proportions only when the component fluorides 
produced are non-volatile. Borax, for example, yields sodium tetrafluoroborate, the excess of 
boron being removed as boron trifluonde, while potassium perdisulphate and pyrosulphate are 
converted into the fluorosulphonate. 

The nitrates of potassium, silver, and barium are converted by bromine trifluoride into the 
corresponding fluorobromites which suggested that they could act as sources of “ bases " in the 
first of the above preparative methods. When, however, a nitrate was mixed with a material 
capable of forming an " acid " and then treated with bromine trifluoride, a product containing 
nitrogen remained when all the volatile residue had been removed. Potassium nitrate and excess 
of boric oxide, for example, gave a product of composition K(NO,)(BF,),, which was presumably 
a mixture of KBF, and NO,BF,, From this observation a method for preparing nitronium 
salts was developed. Dinitrogen tetroxide and “ acid "-forming substance were mixed and | 
treated with bromine trifluoride to give the following compounds : nitronium tetrafluoroborate, 


‘ 
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(NO,)BF,;’ nitronium hexafl te, (NO,),SnF,; nitronium hexafl 
(NO)PF,; nitronium hexafi te, (NO,)AsF,; nitronium hexafl 
(NO,)SbF,, and nitronium tetrafluoroaurate, (NO,)AuF,. 

The existence of the nitronium ion and its functioning as the electrophilic entity in aromatic 
nitration is now wellestablished. That this ion can also exist in normal! salts is shown by physical 
evidence for the structure of nitronium perchlorate (Cox, Jeffrey, and Truter, Nature, 1948, 162, 
259). No direct evidence has yet been obtained to confirm the existence of the nitronium ion in 
the new compounds described here. This is however strongly indicated by the presence of two 
NO, groups in the tin compound, as would be expected for a salt of the dibasic acid H,SnaF,, and 
of one NO, group in the gold compound. Sharpe has recently shown that gold is converted into a 
monobasic “ acid ” in bromine trifluoride which contains the tetrafluoroaurate ion (/., 1949, 
2001). The analogous nitrosyl derivatives (NO),SnCl, (Klinkenburg, Rec. Trav. chim., 1937, 
56, 749) and (NO)AuCl, (Sudborough, J., 1891, 662) are known. The hydrolysis of these com- 
pounds to form nitric acid also indicates the presence of nitronium ions [(NO,),AF, + HOH ——> 
sHNO, + H,AF,). If these nitronium derivatives are formed by an ionic reaction it is 
to postulate the existence in bromine trifluoride of the unstable base (NO,)Brl’, which, 
by reaction with various “ acids,” produces the salts which have been isolated. 


EXPERIMENTAL. 


that y described (Emeléus and Woolf, 
decahydrate, gave sodium tetrafluoroborate when ron Ey 
of the product was determined by he og the nitron salt, wh which was roe anal 
Lange, Ber., 1926, 58, 2110) (Pound a, 20-9; BF, equiv. Cale. NaB 

9: BF, 79-1%: equiv. 110. Found: 508; H, #1; Gate. tor 
H, 43; 140%). Tetrafluoroborates could also be made the reaction 
excess of bonc oxide with bromine trifluoride. The potassium salt, . 
chioride in this way (Found: 67-85%; equiv., 128 69-0% 

126. Found : C, 600; H, 45; N, 138. Calc. for C,,.H,,N,F,B : C, 60 0%). 
hates.—These may be obtained from metaphosphates and bromine 
cit.), or by reaction of bromine trifluoride with a mixture of 
tabromide a ‘a halide of the metal. For example, barium chloride mixed with an 
phosphorus was cooled and bromine was added dropwise to produce phosphorus penta- 
Bromine trifluoride was then added in excess and the mixture boiled to drive off excess of 
as the pentafluoride. The product was analysed for barium by Se of the sulphate 
e a large volume of water, to prevent co- tation of barium fluoride d by hydrolysis of the 
in the hot acid solution. hexafluorophosphate was determined as the nitron 
salt (Fou 31-8; PF,, 67-6% ; equiv. 4 422. Cale. for Ba(PFd,: Bs Ba, 32:1; PF,, 67-90%; equiv. 
427). Silver hexafluorophosphate was prepared similarly, silver being used in preference to its chloride 
since it reacted more rapidly. The hexafl hate was determined as the nitron salt after removal 
of silver with an equivalent amount of potassium bromide (Found: Ag, 43-6; PF,, 56-8; equiv., 248, 
AgPF, requires Ag, 42:7; PF,, 57-3%; equiv., 253). The yellow-brown silver salt differed from other 
hexafluorophosphates in ‘soluble in bromine trifluoride. It was soluble in cold water, but when the 
solution was heated yellow silver phosphate was precipitated. The calcium salt could not be prepared 
oy the reaction of calcium fluoride and cade co 9pm the product consisting of over 90% 

calcium fluoride mixed with a little he 

Preparation of Hexafluoroarsenates. a of  cortale metals or their halides and excess of 
arsenious oxide yielded these salts on treatment with bromine trifluoride. The potassium, silver and 
barium salts were prepared in this way. The compounds were analysed by fusion with sodium carbonate— 
sodium nitrate and precipitation of the arsenic as silver arsenate, which was dried at 250° and weighed. 
The fluoride was pee ape from a separate aliquot as calcium fluoride and any ee = 
arsenate was remov yon ow uent extraction with dilute acetic acid [Found As 5; F 4 4 
equiv., 232. Calc. for KAsF, 
equiv., 302. AgAsF, requires. , 364; equiv., 
equiv., 518. Ba(AsF’,), requires Ba, 3%; equiv., 515). 
was sown, in the case of the potassium salt by precipitating and 
C, 47-6; H, 35; N, for C, 47-8; H, 34; 
silver salts, unlike the potassium salt, were soluble in bromine trifluoride. 

Preparation of Flucroantimonates.—The silver and barium salts have been described (Woolf and 
Emeléus, /., 1049, 2865), although the latter, obtained at room temperature, was impure. When the 
temperature was raised to 120° all bromine trifluoride was removed and the pure salt resulted [Found : 
Ba, 22-3; SbF, 760; F, 36-90%; equiv., 615. Ba(SbF,), requires Ba, 22-6; 77-4; 374%; 
7. 609) The SbF ion was determined as the nitron salt (Lange and Askitopoulos, 7 anorg. 
Chem., 1935, 223, 369). The lithium salt was prepared from lithium carbonate, “w12%, 9 oxide, _ 
bromine trifluoride (Found: SbF,, 96-6; uiv., 241. LiSbF, requires SbF,, 

The nitron salt was also analysed (Found: C, 443; H, 36: ky, 10-0. Cale. 
43-7; H, 3-1; N, 102%). Calcium hexaft 


tare of foam horde ad exces 1 mixture of 


Form " 
0 eated with 
bromine potassium 
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ate and fluorobromite (Found K, 268; F, 442. Calc. for 1:1 KBrF,: K,SiF,: K, 25-6; 


F, 462%) 

rtial formation of fluorosilicate is significant since it means that al! salts by bromune 
trifluoride reactions in silica flasks will be contaminated to a iter or lesser degree. In most experi- 
ments, in which gram-quantities of the salts were made, the loss was only a few mg. and in these cases 
the contamination not be more than a few parts per thousand. Losses af up to 100 mg however 
were suffered im the preparation of nitrontum pt ay no doubt to the corrosive nature of the . 
excess of nitry! fluoride which was solution ortunately a blank experiment 
with silica, nitre dioxide, and bromine thowed that the yield of nitronium fluorosilicate 
ee ae S and hence contamination of the other nitronium salts by the fluorosilicate would be 


Reaction of Nitrates and Bovic Oxide with Bromine Trifluoride. —Potassium nitrate was converted 
quantitatively by bromine trifluoride into the corresponding flucrobromite but, when the reaction was 
carried out in presence of excess of borc oxide, nitrogen was retained in the product It was found 


N, 66; F, 570%; equiv. 
equiv , 268). The nite 
of the ammonia into standard ac oduct from silver nitrate, boric oxide, and bromine trifluoride 
contained approx. 1% of bromine (Fou Ag, 33-3; equiv., 326. Cal. for AgBF, + NO,BF, 
32-09%; equiv. 328). The nsitronium salt is hydrolysed by water to a mixtare of nitric and fluor: 
This was verified by precipitation of the mixed nitron salt from the hydrolysate (Found: C, 
H, 43; N, 161. Cale. for + C, 61-2; H, 43; N, 16-56%). 

Preparation of Nitromsum T etrafiuorvborate.—Dinitrogen tetroxide, ared by heating lead nitrate 
previously dried at 120° in a nickel vessel, was purified by trap-to-tra: tillation im a stream of ay 
a and stored in contact hosphoric oxikle at 6° liquid was distilled into a weighing 

directly before use. A two- y fold excess of dinitrogen tetroxide was added to boric oxide ma cities 

and bromine was added to moderate the reaction, followed by a moderate excess of bromine 
trifluoride.  Niéromimm Aucroboratea separated as a white crystalline material when the reaction mixture 
was cooled. It was soluble in hot bromine triflaoride. The yield was 88%, calculated on the boric oxide 
used. Nitrogen was determined by reduction to ammonia after decomposition of the sold with water in 
a stoppered bottle. Fluorine was determined by extracting the product from a sodium carbonate fusion 
with water and 9 ipitating calciam fluoride [Pound : N, 10-3; F, 562. (NO,) BF, requires N, 10-5; 
P, 57-2. (NO)BP, requires N, 120; F, 65-0%) Titration of the hydrolysed product with alkah 
oat red) showed that 2-12 equivalents of acid were produced, the high result being due to hydrolysis 

the ton. 

Preparation of Nitronium Hexaflucrostannate —In the first attempt to prepare this ¢ d st 
chloride was dissolved in bromine trifluoride, and dinitrogen tetroxide and bromine were added. 
Incomplete reaction occurred because of incomplete mixing of the two layers. If, however, stannic 
fluoride was isolated in the reaction vessel by removing bromine trifluoride at 200° (Woolf and Emeléus, 
lec. ett.) betore addition of the nitrogen oxide and bromine, the conversion into nifroniuem flucrostannate 
was complete. The excess of solvent was removed by heating to 40° in vacuum Nitrogen and fluorine 
were determined as above and the tin iodometrically after reduction with aluminium (Found: N, 83; 

(NO), SaF, requires N, $4; Sn, 366; F, 35-0. (NO),SaF, requires N, 96; So. 


Preparation of Nutronium Hexafluorophosphate osphorus was converted by bromine into the 
brom 


tabromide, and dinitrogen tetroxide added, followed ine trifleoride. The yield of nifrontum 

safluorophosphate in duplicate experiments was 77 and 82%, based on the phosphorus used. Nitrogen 
was determined as above and also by the method of Pelouze ‘{Kolthott and Sandell J. Amer, Chem. Soc., 
1933, 66. 1454). The results were concordant. Phosphorus and fluorine were determined on the 
aqueous extract of a sodium carbonate fusion, the former by tpitating ammonium phosphomolybdate 
and converting it into magnesium ee oe and the latter by the Willard Winter | method after 
distillation as fuorosilicic acid (Found 725; PL 159; F, 59-8. NO,PF, requires N, 7-34; P, 16-2; 

7% 

Preparation of Nitrowsum Hexafuorcarsenate — Arsenious oxide and excess of nitrogen dioxide when 
treated with bromine triftuoride gave a quantitative yield of sttromtum hexafluoroarsenate, NO,ASF 
which was analysed by the methods described for other fluoroarsenates ‘luorine was determined 
after distillation of hydrofiuorosilicic acid (Found : N, 60. As, 32:1; F, 482%; equiv. 239. NO,AsF, 
requires N. 60, As 32-2, F, 490%; equiv., 233) 

Preparation of Nitronmum Hexafluocroantimonate — Antimonic fluoride or antimonous oxide treated 
with dinitrogen tetroxide and bromine trifluoride yielded this sait, which was soluble in hot bromine 
trifluoride but insoluble in the cold. Fluorine was determined as calcium fluoride in the filtrate after 
decomposition of the solid with aqueous sodium carbonate. Antimony was determined by precipitation 
of the sulphide and titration of a hydrochloric acid solution with potassium bromate (Found: N, 6-1; 
Sb, 42-8; 39-8; equiv, 291. NO,SbF, requires N, 50; Sb, 43-2; F, 40-4%; equiv., 282), 

Preparation of Tetrafiwor saurate.—Gold and dinitrogen tetroxide reacted with bromine 
trifluoride, yielding a solvent-soluble product, which was light yellow but became brown in air. Gold 

was determined by reduction with alkaline formakiehyde, and filtering off the metal. Fluorine in the 
Strate was determined as calcium fluoride (Found: N,43: Au, 610; F,23-0%,; equiv. 322. NO,AuP, 
requires N, 44, Au, 61-8; F, 23-68%; equiv, 319. The solid product dict not react with boiling 
carbon tetrachloride but was immediately reduced to gold by ether in the cold. 


One of the authors (A. A. W_) is indebted to the Department of Scientific and Industrial Research for 
a Maintenance Grant 
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216. The Preparation of Nitrosyl Complex Fluorides and of 
Fluorosulphonates by Means of Bromine Trifluoride. 
By A. A. 


Nitrosyl complex fluorides have been by the reaction of bromine trifluoride with 
mixtures of nitrosyl chloride and com —- capable of functioning as “acids” in bromine 
trifluoride solution. Nitrosy! fluorosu ce made by ow nitrosyl pyrosulphate, 
can undergo ape eee reactions with both “ acids ” and in bromine trifluoride, 
to yield nitrosy salts and fluorosulphonates, respectivel m4 The late latter moc. also formed trom 

reacted as BrF joliowing new salts have been a 4 these methods : 
AgsO,F, F, (NO}PF,. (NO),GeF,, (NO),SnF,. 


Nrrronium salts have been prepared by the interaction of dinitrogen tetroxide and “ acids "’ 
in bromine trifluoride (Woolf and Emeléus, preceding paper). The interaction of nitric oxide 
and “ acids "’ should similarly yield nitrosyl salts; in practice nitrosyl chloride was used as 
the source of NO* ions because of the inconvenience of handling the volatile and readily oxidised 
nitric oxide. The presence of dinitrogen tetroxide in the latter would lead to the contamination 
of the reaction products with nitronium salts. 

Nitrosyl (or _more correctly nitrosonium) ftefrafluoroaurate, tetrafluoroborate, hexafluoro- 
germanate, and hexafl phosphate have been prepared as illustrations of 
the use of this method. The ionic nature of these compounds is indicated by the mode of 
preparation and by the presence of two nitrosyl groups in the tin and germanium compounds. 
There is little doubt that the compounds would also enhance the conductivity of bromine 
trifluoride. The tin compound is analogous to the complex chloride (NO),SnCl, (Klinkenberg, 
Rec. Trav. chim., 1937, 56, 749) from which it can be prepared by fluorination with bromine 
trifluoride. The compound (NO)BiC1, (Sudborough, J., 1891, 662) is, however, converted into 
bismuth trifluoride. This difference in behaviour is explained by the insolubility of bismuth 
trifluoride in bromine trifluoride and the consequent inability to form an “acid” in this 
solvent. The conversion of nitrosy! chlorostannate into the fluorostannate probably involves 
a neutralization reaction between the “acid” (BrF,),SnF, (Woolf and Emeléus, /., 1949, 
2865) and a “ base” (NO)BrF,. By analogy it would be expected that (NO)AuCl, would be 
converted into (NO)AuF, by bromine trifluoride, since a “ gold acid” (BrF,)AuF, is known 
(Sharpe, /., 1949, 2001), whereas (NO)AICI, would yield aluminium trifluoride which is 
insoluble in bromine trifluoride. 

The compound “ nitrosy! sulphuric anhydride * provides an interesting link between nitrosy! 
compounds and fluorosulphonates since, by simple replacement reactions, it is converted into 
the former by reaction with “ acids’, and into the latter by “ bases” in bromine trifluoride. 
Bromine trifluoride alone converts the “ anhydride " into nitrosyl Auorosulphonate, a reaction 
which does not necessarily justify its formulation as the pyrosulphate (NO),S,O,, although it 
has been shown that alkali-metal! pyrosu!phates are converted into fluorosulphonates by bromine 
trifluoride (Emeléus and Woolf, J., 1950, 164). Nitrosyl fluorosulphonate contaminated with 
nitrosy! hydrogen sulphate has been prepared from dinitrogen trioxide and fluorosul phonic acid 
(Lange, Ber., 1927, 60, 967). Modification of this method (reaction of nitrosyl chloride or 
dinitrogen tetroxide with excess of fluorosulphonic acid, and the latter with excess of dinitrogen 
tetroxide) also gave impure nitrosy! fluorosulphonate. The analogous reaction of dinitrogen 
tetroxide with chlorosulphonic acid, on the other hand, gave nitrosyl hydrogen sulphate free 
from nitrosyl chlorosulphonate (Jones, Price, and Webb, J., 1929, 312). The last-mentioned 
compound has probably been prepared from nitrosy! chloride and sulphur trioxide (Weber, 
Jahresher., 1864, 157). 

Replacement reaction of nitrosyl fluorosulphonate with “ acids” in bromine trifluoride go 
to completion only in the case of fluoroarsenates and fluoroantimonates. The reaction which 
bly occurs for the latter is: (NO)SO,F + (BrF,)SbF, <— (NO)SbF, + (BrF,)SO,PF. 
acid ” (BrF,)SO,F has not yet been isolated in a pure state, but a solid of approximately 
this composition may be isolated by dissolving sulphur trioxide in bromine trifluoride and 
removing excess of solvent in a vacuum at room temperature. This reaction resembles the 
formation of fluorosulphonic acid from hydrogen fluoride and sulphur trioxide. The compound 
dissociates readily and may be volatilised completely above 60°. Partial replacement of the 
fluorosulphonate ion was observed in the reaction of nitrosy! fluorosulphovate with boric oxide 
(which yields the BF,~ ion) in bromine trifluoride, while with stannic fluoride the product was a 
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mixture of nitrosyl fuorosulphonate and the partly decomposed “tin acid.” Experiments 
with potassium flucrosulphonate reveal a similar behaviour in that the products of reaction 
with “ acids’ in bromine trifluoride, when the excess solvent is removed at room temperature, 
contain sulphur and bromine. Replacement reactions can occur with other compounds 
containing the tetrahedral SO, group. Thus potassium dinitrososulphite, K,(SO,)(NO),, the 
structure of which has recently been determined by Cox, Jeffrey, and Stadler (/., 1949, 1783), 
is converted by bromine trifluoride into an equimolecular mixture of potassium fluorobromite 
and flucrosulphonate, just at are potassium sulphate, pyrosulphite, and thiosulphate (Emeléus 
and Woolf, loc. ct.). In the reaction between potassium dinitrososulphite, mixed with excess of 
arsenious oxide, and bromine trifluoride, however, the product was an equimolecular mixture 
of potassium and nitrosy! fluoroarsenates, instead of the expected mixture of potassium 
fluoresulphonate and potassium and nitrosyl flucroarsenates (1:1: 2). A displacement 
reaction with elimination of BrF,SO, may have occurred. Sulphites behave differently in 
their reaction with bromine trifluornde and there is no evidence of formation of BrF,,SO, They 
probably decompose to sulphur dioxide, or more probably sulphury! fluoride, and oxygen in a 
similar manner to carbonates, which eliminate only one-third of their oxygen as such (Emeléus 
and Woolf, loc. 

The replacement reactions of ‘ bases " and nitrosyl fluorosulphonate enable meta! fluoro- 
sulphonates to be prepared. Thus, silver and nitrosyl pyrosulphate gave silver fuorosulphonate. 
An attempt to prepare silver flucrosulphonate by a neutralisation reaction between silver 
nitrate and nitrory! fluorosulphonate in liquid dinitrogen tetroxide failed, the reactants being 
recovered unchanged. This may be compared with the reaction in this solvent between silver 
nitrate and nitrosyl chloride: AgNO, + NOCI = AgCl + N,O, (Addison and Thompson, 
J.. 1949, 5 218). Filucrosulphonates were also formed by a more direct reaction of “ bases” 
with solutions of sulphur trioxide in bromine trifluoride. Excess of dinitrogen tetroxide and 
sulphur trioxide produced nifrontum Auorosulphonate quantitatively, and potassium sulphate 
and sulphur trioxide (1:1) yielded two molecules of potassium fluorosulphonate. These 
reactions can be explained in terms of neutralisation processes involving the “ acid” 
BrF,*SO,F", The relationship of some of the reactions leading to nitrosyl and nitronium 
compiex fluorides and to fluorosulphonates is shown diagrammatically. 


Producten of witrosy and comples Ructides and with bromine (7 ijluoride. 
AsyO, + BrF, (NO)AsF, 


Sb,O, + —» (NO)SbF, 
er, BO, + BrF, (NO)BF, 
Ag + Wer, Lp 
AgSO\F « (NO) SO, noc) PBr, + BeF, (NO)PF, 
+ Brk, (NO),GeF, 
+ Sal, + BrF, (NO)S 
« 
NO, wer, (NO), Sac, 


Au + BLO, + BrP, Sef, + BrP, PBr, As,O, + BrF, Sb,O, + BrP, 
(NOJAUF, NO, NO,),SoF, NO.PF, NO,)ASF, 
EXPERIMENTAL. 
Nitrosy! chloride, pr by the method of Whittaker, Lundstrom, and Merz (/nd. Eng. Chem., 
1931, 8B, 1410), was ate in a bulb attached to a measuring tube. In each experiment a 40%, excess of 


nitrosy! chioride was condensed at — 10° into the measuring tube and transferred by vacuum-distillation 
to a silica reaction flask which heid the substance capable of forming an “ acid “ in bromine trifluoride. 
The reaction wesse! was detached from the vacuum line, and bromine trifluoride added while it was 
still cooled by liquid air. The mixture was allowed to reach room temperature and then heated to 
complete the reaction. Excess of solvent was distilled off i vacuo in the usual wa 

Methods of analysis are given below only when they have not been previously sribed. 

Nutrosy! Fluorodterate —-Nitrosy! Lbloride and boric oxide with bromine trifluoride gave a 96% yield 
of nitrosy! fuoroborate ‘Pound: N, 11-0. F, 646. Cale for (NO)BF,: N, 120; F 650%). This 
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white solid, in common with the other nitrosyl salts, 
and liberated from potassium iodide 
Se 1926, 159, 197) by the action of 
was converted into the 


Chieride was 


fluoride and 


the 
as dioxide 
1925, 47, 700) after decomposition of the salt with aqueous 
; N: Ge: F = 203: 100:604. (NO) GeF, ila 

A second experiment gave a ratio N : Ge Fm 103: 1-00 : 6-00, 
—Stannous chloride was first converted into stannic fluoride and then treated 
nitrosyl chloride and bromine trifluonde to give the flucrostannate [Found: N, Sn, 406; 

F, 382%; equiv. 288. (NO),SaF, requires N, 96; Sn, 40-6; F, 30-0%,; equiv., 293). 
Natrosyl te ica and excess of nitrosy! chloride aiter treatment with bromine trifluonde 
left a white solid which contained nitrogen, silicon, and fluorine but was free from bromine. The yield 
Contamination of other nitrosy! salts with the 


Nutrosyl Finoroaurate _ gold bromine trifluoride left the 
fluorcaurate (Found N, 4-4; Au, 63-6; F, 23-5; 100: 101: 3-01 
requires N, 46; Au, F, equiv., 7 ‘solid “which 
exposure to air. With water the compound gave an te black precipitate, only of nel whieh 
was soluble in concentrated hydrochloric acid. The filtrate traces of ac It 
that the nitrous acid formed on hydrolysis reduced tervalent gold to the metal. The nitrontum salt 
behaves quite differently in that it is hydrol to auric —— and nitric acid. 

Nutrosyl Fiworotitanate.——Titanium was dissolved in bromine trifluoride and most of the 
excess of solvent removed in vacuo at 80°. Excess of nitrosyl chloride and bromine triflucride were 
then added. The white product, which contained appreciable amounts of bromine, was decom 
with sodium hydroxide solution. The precipitate was ign ae Se ee uot of the filtrate 
used to determine nit and fluorine ‘Found: N, 10-0; Ti, 23-3; F,  - for (NO), TIF, : 
N, 12-6; Ti, 21-6; F, 51-4%. Cale. for TIF, : 1 36-7; F, 61-39 These figures show that the 
was esser‘ially the nitrosyl salt contaminated with Tir It is significant that no pure 

itanates have been prepared with bromine trifluoride. 

The Fluorination of Nitrosyl Complex Chlorides.—-(a) (NO)BIC]L, This yel by 
the action of nitrosy! chloride on bismuth at room temperature (Sudborou: gh. 1 “leet t 2) and was 
converted by bromine trifluoride into white, non-hy om. 5 water-insoln bismuth trifluoride 

(6) (NO),SaCi,. A two-fold excess of nitrosyl UBloride on to a solution of | g. of 
stannic chloride in 10 c.c. of carbon tetrachloride and maintained at —20° for 4 hour (Rheinboldt and 
Wasserfubr, Ber., 1927, 60, B, 732). The excess of reactants was removed in vacuo; some of the solid 
also distilled over. The product which remained after fluorination consisted of (NO),5SnF, together 
with some stannic fluoride which resulted from decomposition of the former [Found N, 88; Sn, 43- I; 
F, 300% equiv., 271. Calc. for 88% of (NO),SnF, + 12% of SnF,: N, ®1; Sn, 43-1; 
equiv., 271) 

Nitrosyl Fluorosulphonate.—Nitrosyl pyrosulphate was prepared by treating 
nitrogen dioxide and sulphur dioxide at room temperature in a sealed tube (Jones, «, and Webb, 
loc. ctt.). The excess of gases was is (Found: N, 11-8; S, 27-3. Cale for (NO),S,0, : 
N, 11-0; S, 27-22%). This salt —— soluble in bromine trifluoride and left a white hygroscopic solid 
on removal of excess of solvent. odes in water was free from sulphate and contained a trace of 
bromine. The fluorine content a determined by a thorium nitrate titration after distillation as 
fluocrosilicic acid from 50% sulphuric acid. The sulphur was determined as barium sulphate after 
evaporation of all fluoride with hydrochloric acid (Found: N, 10-4; 5S, 23-6; FP, 142%; equiv., 130. 
N:S:F = 101: 100:1-01. (NO)SO,F requires N, 10-8; S, 249; FP, 147 equiv., 

Attempted Preparation of (NO)SO,F * from Flucrosulphowic ‘Acid.—Excess alia acid was 
added to nitrosyl chloride and the solution heated. The excess of acid was — off at room 
pee ay eae im vacuo; the temperature was raised to 80° to remove the last traces 

idue in water contained sulphate as well as fluorosulphonate (Pound: N, 11-1; 

Cale. for (NO)HSO,: N, 110; S, 25-2. Cale. for N, 10-8; 24-9, 

addition of nitrogen dioxide to fluorosulphonic acid a white cities prec te formed The’ mixture 

was left overnight at 0° and excess of dioxide removed in vacuo. The uct contained about 90% of 

nitros — fluorosulphonate (Found: N, 106; S, 25-5; F, 13-56%). In an experiment with nitrogen 
and excess of acid the product contained only 2-4% of fluorine 

Repl with * Acids.”’—Nitrosyl te together with excess of arsenic trioxide 
was dissolved in bromine trifluonde The residue ap equivalent ht of 239 after a kept at 
50° for 6 hours i# vacuo, and 216 after 3 more hours at 100° (Found: N, 64; As, 34-7; F, 503%; 

uiv., 216. Cale. for (NO)AsF,: N, @5; As, 346; F, 52-6%; equiv. 217). Nitrosyl 
an equivalent t of ant oxide behaved similar! Found N, 53; 
, 270. Cale. for (NO)SDF,; N, 53; F, 429%; equiv. 208). f 
been action of nitrosyl fluoride on the 
. 2. anorg. Jeg 1908, 68, 325). Excess of boric oxide gave a partial 
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F, 34 


cend: Br, 10 12.5. Cale 
wth Pot is salt, 

years and (Found Br, F, 


the 
the nitrogen, was olimina “8; F, equiv. 
placement Reachons with Silver nitros in equi 
were converted into silver tes with bromine This salt fo shiny 
tes which were readily soluble in water 510; S, 155; F, 91%; equiv. 
, 166; PF, &2%; ). The aqueous solution gave no 


Reachon of Bromine Trifluoride with Sulphur Trioxide ——Sulphar prepared by age sulpbur 
dioxkle and oxygen dried with concentrated sulphuric acid over platinized asbestos at 
over phosphoric oxide and distilled directly mto the reaction before use. It dissolved in aie 
trifluoride without evolution of oxygen or liberation of bromine, and after § hours’ evacuation at room 
temperature left a sticky white solid. This solid scarcely fumed in air, in marked contrast to sulphur 
trioxide, and was decom without violence by water and alcohol in contrast to bromine trifluoride. 
The solid analyeed as SO, + O-7ErF, | Ps, , 176) (Found: S, 160; Br, 202; F, 22-46. Cale. for 
SO, + O7BeF,: 182, Br, ¥, In an experiment with excess of sulpbur trioxide the 
afer vacation wan pai yellow hich was only a little more viscous than 
ine trifluoride and had the composition BrF, + | 

The experiments described above give some indication Of the existence of a opens BrF,SO, 
which may well be BrF,*SO,F~. Reactions of sulphur trioxide with “ bases’ in bromine trifluoride 
provide more certair eviklence for the existence of this “ acid’ 

Reactions of Suiphur Triomde Solutions.—Sulphur trioxide was distilled into the reaction flask and 
weighed. An a of asum sulphate was added and the mixture dissolved in bromine 
trifluoride. which remained after removal of solvent fluorosul 
(Found: K, equiv. 277. for 2KSO,F K, 28-3; 13-8%; equiv. 276). The 


reactions which to occur are 


K,S0, 2KBrF, + (BrP,)SO,F 
Bef, 
so, ——> 
2KBrF, + 2(BrF)SO,F 2KSO,F + 4 BrF, 
pe na trioxide and excess of nitrogen dioxide left a white solid after treatment with bromine 
uorkle. This compound dissolved in — ao re a solution free from nitrite and bromide [Found - 
N, 963; S, 2148; 134%; equiv., S: PF = 100:100;103. (NO,)SO,F requires N, 
065; S222. equiv, 145). , fluorosu could be prepared similarly from 


nitrosy! chioride and salphur trioxide, This method w be more convenient than the preparation 
from nitrosy! pyrosulphate 


The author is indebted to Prof H. J.B F_R.S., for advice and constant encouragement, 
and to the Department of Scientific and taduserial pte for a maintenance grant. 
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217. The Structure of Some Diamines Prepared by the 
Mannich Reaction, 
By H. M. E. Carpwet.. 

The diamines, prepared by the Mannich reaction from acetone and two molecules of 
formaldehyde and dimethylamine or diethylamine, are shown, by their difference from 
authentic cimens of the diamines (I; K « Me or Et), to have the unsymmetrical structure 
(Il, R «= Me or Et) On treatment with oxalic acid they lose one molecule of secondary amine 
to give the butenones (III; K «= Me or Et) which on reduction give the corresponding 
butanones (IV; R = Me or Et). These were identical with the Mannich bases prepared from 
methyl! ethyl ketone, formaldehyde, and appropriate secondary amines. 


Tae preparation of the diamine (1; K = Me) by an unambiguous method (Cardwell and 
MeQuillin, J., 1949, 708) prompted a comparison of this compound with the diamine prepared 


with nitron acetate. The elimination of nitrosy! fluoride in this reaction was shown by the loss of 
a 35 mg. in flask weight compared with | mg. im the “ acid ” replacement reactions, and 5 mg. in the 
‘i reaction of nitrosy! mulphate alone 
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from acetone by the Mannich reaction, which Mannich and Salzmann (Ber., 1939, 72, 506) 
concluded to have the unsymmetrical structure (11; R =— Me) on the basis of its degradation 
reactions but rigorous proof of structure was not given. Wilds and Shunk (J. Amer, Chem. 
Soc., 1943, 65, 469) have provided an elaborate, rigorous proof of structure for the diethy! 
compound (11; R =< Et), prepared by the Mannich reaction. 

A si preparation of bis-2-dimethylaminoethy!l ketone (I; R Me) from 4-keto-1 : 1- 
dimethy!piperidinium iodide and aqueous dimethylamine is described in the experimental 
section. Bis-2-diethylaminocthyl ketone (1; R = Et) has been prepared similarly, and also 
from di-2-chloroethy! ketone and diethylamine. Further, 4-keto-1 : }-dimethy!piperidinium 
iodide and sodium thiomethoxide have given 5-dimethylamino-]-methy!thiopentan-3-one 
(hydrogen oxalate, m. p. 121—-123°). 


CHyNR, Me-CO-CHMe-CHy NR, 
(IIL) 

The diamines (I; RK <— Me or Et) form normal dihydrochiorides and dijacid oxalates); the 
1 diamine (II; R = Me) forms a norma! dihydrobromide (Mannich and Salzmann, 
loc. cit.), but it has now been shown that the unsymmetrical methy!- and ethyl-amine, on treat- 
ment with excess of oxalic acid in ethanol, give a molecule of dialkylamine oxalate. The 
mother liquor from the diethylamino-compound gave 3-diethylaminomethylbut-3-en-2-one (II1; 
R = Et) (2: 4-dinitrophenylhydrazone, m. p. 88°5—89°5") on basification. This compound 
was hydrogenated to 3-diethylaminomethylbutan-2-one (IV; R = Et), the 2 : 4-dinttrophenyl- 
hydrazone, m. p. 82--83°5°, of which did not depress the melting point of the 2: 4-dinitro- 
phenylhydrazone of the monoamine prepared from methy! ethy! ketone and diethylamine by 
the Mannich reaction). The butenone (III; R = Me) was not isolated, but was reduced, as 
the hydrogen oxalate, to 3-dimeth thylbutan-2-one hydrogen oxalate (m. p. 113—114°). 
This was identical with the hydrogen oxalate of the Mannich base prepared from methy! ethyl 
ketone, paraformaldehyde, and dimethylamine hydrochloride. This affords conclusive proof 
of structure of the Mannich base. Mannich and Hof (Arch. Pharm., 1926, 264, 749) had 


Me-CO-CMe(CH,-NMe,), 
(V1) 


assigned the correct structure to this compound, but did not rigorously prove it. They 
described a second base, prepared by the same reaction (methyl ethy! ketone, formaldeh 
and dimethylamine) to which they ascribed the alternative linear formula EteCO-CH,-CH, NMe,,. 
Analysis of the difhydrogen oxalate) (m. p. 144-145") has now shown that this base is a 
diamine, and its independent preparation from the pure butanone (IV; K — Me), formaldehyde, 
and dimethylamine indicates that it must be (V) or (VI). Of these formulations (V1) is slightly 
by analogy with the formation of 2-methyl-6-dimethylaminomethyleyclohexanone 


preferred ? 
from 2-methyleyclohexanone (du Feu, McQuillin and Robinson, J., 1937, 53). 


EXPERIMENTAL. 
(M. p.s are uncorrected. Micro-analyses are by Mr. A. Bennett.) 
Bis-2-dimethylaminoethyl Ketone.—4-Keto-1 : 1-dimethylpiperidinium iodide (12-7 was dissolved 
in aqueous dimethylamine (25%; 150 c.c.) and kept at room temperature for 7 days. solution was 
saturated with potassium car te and extracted with ether, the extract was dried (Na,SO, = 
distilled, and the residue in ethanol was added to excess of “yiiryy oxalic acid in hot etha 
cooling bis-2-dimethylaminoethyl ketone di(hydrogen oxalate) (13-6 m. p. 155-156", was 
and loc. cit., ive Mm. Pp. 55—156"). The dih; crystallised in colourless 
191—1 * (Found: N, 11-7. C,H,ON,2HC) requires N, 11-4%). 
2-die vi Ketone.—(a) This was prepared from 4-keto-1 1-diethy 
iodide and diethylamine by the a Bis-2-diethylaminoethyl hetone distilled at 
mm., 1-4570 (Pound : x, N, 12-3%). The difhydr 
oxalate) crystallised from aqueous ethanol in sade softening at 200" 
C, 00; H, #1; N, 68. 
; H, 7-8; N, 69%). 
ketone (1-47 g.) in ethanol (2 ¢.c.) was added 
Cmpenton. the mixture was evaporated to dryness under reduced 
— ved in a little water and treated wit Sean carbonate. 
base was isolated in the normal manner and ipitated from ether as the h xalate (1-3 g. 
which crystallised from aqueous ethanol in needies. Alone or mixed with a “ee a 
in method (a) it softened at 208° with progressive shrinking up to 300° (Found. C, 49-8; *7%). 
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-methylittopentan-3-one —4-Keto-) 1-dimethy!piy eridintum iodide (25-5 ¢) was 
mixture was acidified with dilute hydrochioric acid and extracted with ether aqueous layer was 
saturated with potassium carbonate and extracted with ether, examination of the extract 


indicated that it contained some bis 2-dimethylaminoethy! ketone (identified as the acid oxalate) as 
well as the desired dialkylamino-thoalky! ketone 


It was therefore distilied and the fraction, b. p. 508" /3 mm. (6 g.), was as the acid 
oxalate and fractionally crystallised. oxalate 
Hised from ethanol in colourless flattened needles, m. p. 121-—123° (Found : Si; S, 120. 

C,H, ,ONS.CHO, 53; S, 12-14) The base had an odour of boiled lobsters. 

eit.) and, alter 24 hours with anbydrous diethylamine (to convert any but into diamine), 
carefully purified by fractional distillation In our expenence separation of the monoamine ond diamine 
by distillation is easy provided butenone ts not t. The sample used had b. p. 04°/0-5 mm., »ff 
14490 (idem, sbid., b. p. mm., 4472) 


en 2-ome The yve diamine (22-8 g.) in ethanol (25 c.c.) was added to 
anhydrous oxalic acid (25 ¢.) in ethanol (75 c.c.). The mixture was cooled to 0° and filtered, giving 
diethylamine hydrogen oxalate (15-1 ¢ for 1 mol., am (decomp.) alone or 
mixed with an authentic specimen (Found: 44-5; H, Cale. for C,H, N.CH,O,: C, 
44-2; H, 60; N, 6%). The mother liquor was evaporated to dryness under reduced pressure, and 
the residue was dissolved in a little water, treated with potassium carbonate, and extracted with ether. 
The ether was ~y ant on and distilled; the residual oil (13 g.; theory, 15-6 ¢.) was distilled and 
the fraction, b , was collected. On redistillation 3-dsethylaminomethylbut-3-en-2-one 
boiled at is, mm. and had 14514 (Pound: C, 603; H, 11-1; N, C,H,,ON requires C, 
607; H, 110; N, 90%). This colourless mobile liquid had a pronounced vinyl ketone odour, and 

ve an oily methiodide and oily oro oxalate. The hydrochloride was ree ym | hygroscopic. 
The ethyl crystallised from ethanol in stout, red needles, m 
174-176" (Pound: C, 450, H, 546 70. requires C, 44-3; H, 5-9; 
N, 16-2; S, 70%). The 2: 4-dimitrophenyih crystallised from light petroleum (b. p. 60-—-80°) 
in red, elongated plates, m. p, H, 69; N, 26-8. requires 
C, 53-8; H, @3; N, 20-09%). 

3- Diethylaminomethylbutan-2-one.- -(a) (1:8 g.) was precipitated 
from dry ether as the hydrochloride. The ether was decanted and the hydrochloride was dissolved in 
ethanol (20¢¢.). Hydrogenation at normal temperature and pressure in the presence of 3%, palladised 
charcoal (0-3 g.) was — in 30 minutes. After filtration from catalysts and removal of excess of 
solvent (on the steam-bat he product was converted directly into the 2 : 4-dinitrophenylhydrazone. 
2. 4-dinitrophenyihydrazone crystallised from cyclohexane in yellow 
flattened needles, m. p. §2—83-5° (Found: 536; H, 68; N, 20-5. C,,H.O,N, requires C, 53-4; 


H, 68. N, 208%). A mixtare with the 2: 4-dinitrophenylhydrazone of butenone melted at 
73 

(6) A sample of the base was prepared from methyl! paraformaldehyde, and diethyl- 
amine hydrochloride by Lar'e’s method (J. Gen. Chem. Russia, 9, 287) it had b. p. SO-— 


mm. (Lur'e gives b. p. 76—80°/15 The 2 prepared from this 
base, crystallised from light petroleum (b. p. 60-- in flattened needles, m. p. $2-5-——84° alone 
or mixed with a specimen prepared as im (a) above ( 20-68%) 
Dimethylamone hydrogen oxalate. This separated as an rapidly ised, on addition of 
yd ae solution of dimethylamine to an ethereal solution of anhydrous oxalic acid. Dimethylamine 
° owalate crystallised from ethanol in fern-like prisms or rods, m. p. 149—~150" (Found: N, 10-4. 
requires 104%) When a methanolic solution of dimethylamine was added to an 
excess of oxalic acid in methanol a sesgus (Aydrogen oxalate) was formed, this crystallised trom ethanol in 
colourless thick plates, m. p, 146-5--147-5° (Pound: C, 33-6; H, 56; N,7-7. C,H,N,1)C,H,O, requires 
C, 33-3; H, 56, N, 78%). A mixture with dimethylamine hydrogen oxalate melted at 155-~138°. 

Damethylaminomethylbutan -2-one —-(4) 4-Dimethylamino -3-dimethylaminomethy!butan -2-one 
(Mannich and Saleman, loc. cit.) (17-2 g.) S768" /1-6 mm., 1-445) in ethanol (20 ¢.c.) was added 
to anhydrows oxalic ackd (25 ¢.) in ethanol (G0 cc.) After the solution had cooled to 0° dimethylamine 
hydrogew oxalate (12 g , theory, 13-5 ¢.), m. p. 148-150", was collected (Found: C, 35-7; H, 70; N, 
7. Cale. for CJH,N.CH,O,: C, 35-6, MH, 67; N, 10-49%); it did not depress the m. p. of an authentic 
specimen. The ethanolic mother liquors were scratched; impure 3-dimethylaminomethylbut-3-en-2- 
one hydrogen oxalate (m. p. $186"; trom ethanol) was deposited. This compound could not be purified 
satisfactorily by recrystaliiation. An ethanolic solution was therefore hydrogenated at N.T.P. in the 
presence of 3%, palladised charcoal (10 g.). After one hour the hydrogen absorption was 110% of 
theory The solution was filtered from the catalyst, which was extracted with a further quantity of 
ethanol, Careful addition of ether to the warm ethanolic filtrate led to crystallisation; after two 
recrystallisations from ethy! acetate ethanol 3-dimethylaminomethylbutan-2-one hydrogen oxalate formed 
colourless needles, m. p. 113-—114", alone or mixed with a sample (see below) red from methyl 
ethy! ketone by the Mannich reaction (Pound: C, 402; H, N, 65. C,H,,ON.C,H,O, requires 
C, 40-3; H, 748; N, 

(d)} The major fraction from the Mannich reaction of methyl! ethyl ketone, paraformaldehyde, and 
dimethylamine bydrochloride (b. p. 60-—65°/19 mm., «ff 14265, Mannich and Hof, Arch. Pharm., 
1926, 266, 580, give b p 63-—55°/13 mum.) was precipitated from ether as the hydrogen oxalate and was 
crystaliieed from ethyl acetate-ethanol to constant m. p. 113-114". The her-boiling fraction 
(b. p. 08-102" 18 mm, Mannich and Hof give b. p. 10 104°/12 mm.) from preparation was 

ipitated as the oxalate and crystallised from Jn ae we ethanol 

1. -2- -3-one Dilhydrogen Oxalate) formed tless micro-needies, 
m. p. 144—145" (Pound: C, 45 70; N, 76. 2C,H,0, requires C, 45-9; H, 7-1; 


q 
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218. Some Reactions of Thiacyclohexan-4-one and 
1-Alkyl-4-pi peridones. 


to 
vity. 


THIACYCLOHEXAN-4-ONE on treatment with methyl iodide at room temperature slowly gives 
the methiodide (Bennett and Scorah, /., 1927, 194). In an attempt to hasten the reaction 
these reactants were heated under reflux in methanol for 3 hours. The major product, however, 
was the ketal, 4 : 4-dimethoxythiacyclohexane methiodide (1). At room temperature, in methanol, 
the major product was thiacyclohexan-4-one methiodide. 

-4-one methiodide was recovered unchanged after prolonged heating under 
reflux with methanol and methyl iodide. Eviden \y there are two independent reactions with 
different temperature coefficients, one reaction leading to thiacyclohexanone methiodide which 
does not react further, and one leading presumably to the ketal sulphide which then reacts 
further with methyl iodide to give (I). The conversion of the ketone into the keta! sulphide, 
which may not be the rate-controlling step in the second reaction, is probably catalysed by 
traces of iodine or hydrogen iodide from the methy! iodide. 

With the analogous 4-piperidones there was no evidence of two such independent reactions, 
for 1-ethyl-4-piperidone on being heated under refiux in methanol and methyl! iodide gave a 
quantitative yield of 4: 4-dimethoxy-l-methyl-l-ethylpiperidinium iodide, whilst 4-keto-1 : 1- 
dimethy!lpiperidinium iodide on similar treatment gave a good yield of 4: 4-dimethory-1 : 1- 


Sate 1- (HO-CHy) SMe 
(IL) MeO-C (HO-C Hy) 


led to complex mixtures. Addition of methyl iodide to a refluxing solution of thiacyclo- 
hexanone or the piperidones in ethanol also gave complex mixtures, but in the former case some 
4: 4-diethoxythiacyclohexane methiodide was isolated. In isopropanol the piperidones react 
normally with methyl iodide to give ketone methiodides (Cardwell and McQuillin, J., 1949, 708) 
but with ethyl iodide complex mixtures were obtained and in the experiment with 1-ethyl-4- 
a substance of empirical formula C,,H,,O,N,1, (corresponding to two molecules 
of 4-keto-1 ; 1-diethylpiperidinium iodide plus an atom of oxygen) was isolated in low yield. 
Since the completion of this work McElvain and McMahon (j. Amer. Chem. Soc., 1949, 71, 901) 
have reported that ¢-ketopiperidine hydrochloride on recryetallistion from ethanol-ether gives 
4: 4-diethoxypiperidine 

on being heated with phenol and methyl iodide gave a moderate yield 

. The structure of this 
and phenol in the 


methyl iodide. In an attempt to prepare the dimethyl ether of this compound by treating it 
with diazomethane and subsequently with methy! iodide and potassium carbonate the only 
isolated product was 5-methylthio-3 : 3-di-p-methoxyphenylpent-l-ene (111). 
1-Ethyl-4-piperidone with phenol and concentrated hydrochloric acid similarly gave 4 : 4-di- 
p-hydroxyphenyl-l-ethylpiperidine (IV) (cf. von Braun, Awnalen, 1920, 472, 1) which was 
Y 


[1950] 
N, 7-7%) 
been hea 
then formed 
C, 46-8; H, 68; » 
Cuemicat Division, Wettcome Reszarcu Laporarorizs, 
Backenxnam, Kant. 
and 
iodi land with 
pharmacological 

presence of concentrated hydrochloric acid, followed by treatment of the phenolic fraction with 


(Schaumann, 
methiodide of (VI) and the ditydrochloride of (VIN) (R = Ac) were also of little 


EXPERIMENTAL. 
(M. p.s are uncorrected. Micro-analyses are by Mr. A. Bennett.) 
Reaction of Thiacyclohesan-t-one with M lodide and Methanol.—(a) At the 


point. Thia- 
¢.¢.) was treated with methyl iodide (10 cc). After 
4:42 thowy A. +i was collected; it 
(om ethanol rode ot needles 23—1 C, 31-9; 
rye S, 10-5; 1, 41-8. C,H,,O,SI requires C, 31-6; 56. S, 10-5; 1 41-8 further dilution 
of the mother liquors with ether, thiacyclohexan xan-4-one methiodide (0-45 ¢ . m. p. 80-85", was 
obtained (Cardwell, /., 1049, 715, gives m. p. way 4.4 
(b) Al room temperature, Thiacyclohexan-4-one (2 
A further quantity (1-9 g.), m. p. 
other. [ose raised the melting point of this second 
did not depress the point of an authentic specimen of thiacyc 
further dilution of the gossbecersanlgatninnicondacal 
One recrystallisation from 


methiodide, 
melting point to 


4: Methvodide (al 
methy! orthoformate ( 
temperature for 24 hours. A small quant 
mixture was filtered, the due being 
filtrate under reduced pressure on the steam- . The residue was triturated with ether and filtered, 
and the Gitrate after removal of the ether was treated with excess of methyl iodide. After 
%4 hours at room temperature the methiodide was collected and ype be eH. 
— colourless needles melted at 120-121", alone or mixed wi 4-dimethoxythiacyclohexane 


gave colourless prisms of 


‘ Methiodide —Thiacyclohexan-4-one (2 g.) and (10 c.c.) 
in ethanol (20 c.c.) were reflaxed for 34 hours. On cooling in ice a solid (1-9 g.) rated; it was difficult 
to purify and analyses were variable. [It was probably a mixture of ketals and 


Cc, @1; 10-0; 1, 38-3. 

Demeth ted ethyifp b-dimethy inium 
under refs for ho with methanol (10) and methyl (15 
varyi uantities methanol crystallisation rom maethoxy-1 1-dimethyl- 
ti’ tedids crystallised in colourless 4 (decomp) (Fe (Found : 358; 

66 O,NI wires C, 36-0; H, 66%). A mixture with yipip 
iodide (m. p. melted at 168—170°. 

| lodide iodide (10 c.c.) was added to a 
solution of l-ethy!-4-piperiione (3-5 g.) in methanol (25 o.c.), and ed (yea was 
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Outstanding analgesic activity has been discovered in compounds of the general formula 
(¥) by Jensen and Lundquist (Dansh Tidsshr. Pharm., 1943, 17, 173); preparation of the 
sulphur analogue would have been of interest. Phenylmagnesium bromide and thiacyclo- 
hexan-4-one gave a good yield of 4-hydroxy-4-phenylthiacyclohesane (VI). Attempts to prepare 
the corresponding acetoxy-compound were fruitless, acetic anhydride in the cold giving 
4-phenyithiacyclohex-3-ene (characterised as the methiodide), whilst acety! chloride and pyridine 

in the cold gave an intractable mixture of products. Similarly phenylmagnesium bromide and 

OG 
(VL) (vt) 
bis-2-dimethylaminoethy! ketone dihydrochloride gave a good yield of 1 : 5-bisdimethylamino- 
3-phenylpentan-3-ol (VIL; R = H). On treatment of this with acetyl chioride in cold acetone 
“ 1: 5-bisdimethylamino-3-acetory-3-phenylpentane dihydrochloride (VIL; R = Ac) was obtained. 

e : Dr. White of the Biological Division of these Laboratories reports that the phenol (IV) and 
its derivatives were devoid of significant pharmacological activity, unlike the related 
pharmacological 
| 
: followed rem { solvent under reduced pressure and crystallisation of the residue from methancl 
: thiacyelohexan-4-one methiodide, m. p. §1-—84" alone or mixed with an 
. dilution of the mother-liquors with ether a further quantity (1-0 g.) (m. p. 102-105" with shrinking 
from 80°) was obtained. After four from »-propanol 4° 
methiodide was obtained in low yield as colourless slender prisms, m. p. 120—120-5* (decomp.) (Found : 
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Thiacyclohexan-4-one and |-Alkyl-4-piperidones. 


which, on extraction with hot isopropanol, 4-keto- iodide, m. p. 183— 
alone or mixed with an authentic t 


4:4Di clohesane Methiodsde.—(a) Thiacyclohexan-4-one phone! 


was diluted with , the resulting red gum was triturated with hot 


phe 200— 201° (decom: 
H,,0,SI €, 50-5: 


removed preasu 
then cooled. Filtration gave a white crystalline hydrochl 
83%). was shaken with ammonia solution (d 0-88) and chloroform. ee the 


chloroform 
imp (decomp) (Found 6-8; H 82: 9, 45. 


; by 

alate was prepared the base in acetone and acetic acid. crystallised 
(Found: N, 40. N, 30%). The methiodide from ethanol- 
ether in colourless ) (Found: N, 9-1. soauires 
in colourless needles, m 279—280° (decomp.) 

(Found: N, 2-8; 1, 23-3. NI requires N, 2-7; I, 24 
4-Hydroxy-4-phenylihiac { 0) ote ‘60 cc.) was added 
slowly with stirring to an ice-cold Grignard solution from bromobenzene (23-6 g.), magnesium 
turnings (3-7 g.), — (30 c.c.). After 4 hour at * the solution was heated under reflux for one 


with sodium hydrogen oo 
at 118—128°/0-06 mm. y solidified (yield 12-8 ¢ 
from cyclohexane in m. p. : 168. 
uires C, 68-0; H, 7-2; S, 165%). The methiodide 
165— 166° (decomp.) (Foun S, 03; 1,37-7. C,H,,OSI S, 06; 1, 37-8%). 
“Phony yclohex- 


(Found. 10-4; L, 40-6. 10-1; Soom. 
3 pentan - 3 - ol. —Bis-2-dimethylam yl 


of potassium carbonate needed for saturation. The as extracted several times 
recrystallisations from t petroleum at t 
720; H, 104 11-2 


di oxalate from 
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methanol in colourless spear-sha pid heating) (Pound : 
606; H, 62; S76; L206 C,, I, 20-7%). 

(6) Thiacyelohexan-t-one (24 acetic (I ¢.c.), and concentrated hydrochloric 
acid (1 42.) wove tuned ond hours. The solvent was removed 
on The aqueous layer was acid 
and extracted with ether, the ethereal layer was dried (N: ,). and the residue, obtained by evaporation 
of the ether, was treated with excess of methyl iodide. After 12 hours at room temperature the excess 
of methyl iodide was decanted. The residue crystallised from methanol in colourless prisms, m. p. 

5 8-di-p-metho. yipent-l-ene —4 : 4-Di-p-b 
lodide (470 ang.) in (16 ce) wen tented with ethereal mols) After 
3 hours at room temperature the solvents were evaporated in a stream of air. The residue gavea 5 

and potassium carbonate for 24 hours. The solution was filtered, diluted with ether, and 
filtered again. The filtrate was evaporated to dryness, and the residue was extracted with ethanol and 
filtered. After evaporation of the ethanol the residue was crystallised from s-propanol; colourless 
beedies (189 mg.), m. p. 91—03°, were obtained. RK 
rosettes of colourless needles of 5-methylthio-3 : 3-di- (Pound : 

C, 73-6; H, 70; S, 08; LI, nil. requires , 32; H, 7-3; 5, Calls 
4: 4-Di-p-hydroryphenyl-| -ethyipiperidine.—1-Ethyl-4-piperidone (6-3 g.), (10 g.), acetic acid 
25 c.c.), and concentrated hydrochloric acid (15 c.c.) were mixed and heated on the steam-bath for 
ested with 
te (13-9 

prisms (5-0 ¢ th 
the mixture was set aside for 24 hours, then poured on ice, and extracted with chloroform. After 
the solution had been washed with aqueous sodium hydrogen carbonate and dried (Na,SO,), the solvent 
was removed in vacwo. The residue was ——— from #-hexane at a low temperature and gave 
4-phenylthiacyciohex-3-ene, m. p. 49-5—60-5". Before this sample could be analysed it decomposed 
into a deep-brown liquid. Immediate treatment of the crystalline solid with methyl ry the f 
pi 
yhydrochloride 
gnard solution 
chioride. The mixture was acidified with acet 
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the wae inserted at 190°, it effervesced, 


found ; N, 7-9; Cl, 197. requires 


(Received, January 20th, 1960.) 


219. The Synthesis of Derivatives of 5 : 6-Dihydroxyindole. 
Part II. 5: 6-Dihydroxyindole and Related Compounds. 


2-Nitro-1-(2-nitro-4 to cot -ethy! and 
ie 2-dinitro-4 


Burton and Durrieip (Nature, 1948, 161, 725; J., 1949, 78) have indicated the methods they 
were investigating for the synthesis of 5: 6-dihydroxyindoles of type (I). One of these 
procedures was also developed independently by Beer, Clarke, Khorana, and Robertson (/., 
1048, 2223), namely, reduction of the appropriately constituted § ; 2-dinitro-4 : 5-di- 
acetoxystyrene (II) and subsequent hydrolysis of the resulting 5 : 6-<diacetoxyindoles. Since 
much of our experimental work and most of our results were, in this synthesis, closely similar 
to, and in some cases identical with, those of Beer ef al., we have detailed only those procedures 


SCH(OH)-CHR-NO, 
NO, 


(OAc)-CHR-NO, 
NO, 


itv.) 


which are new or which differ in a marked degree. We had found, for example, that the nitro- 
alcohols (IIT; R - H, Me) obtained by alkaline condensation of 6-nitroprotocatechuic aldehyde * 
with nitromethane and nitroethane were smoothly acetylated by acetic anhydride and a little 
perchloric acid, to give the triacetates (IV; R = H, Me) without any tendency for the formation 
of nitrostyrene. Elimination of acetic acid from (IV) to give the dinitrodiacetoxystyrenes (II; 
R = H, Me) occurred smoothly, as expected, when the triacetates were heated with acetic 
anhydride and sodium acetate. We found that this two-stage process was much more reliable 
than treatment of (111) with hot acetic anhydride and sodium acetate. In our hands the latter 
procedure often gave non-crystalline products, presumably because of incomplete reaction. 

It was noted that the melting point of (IV; R — Me) altered on repeated crystallisation ; 
this accords with the presence of two asymmetric centres in the molecule, a feature which was 
of no consequence from our point of view since either form must give (II; R =< Me) on 
elimination of acetic acid. 

The acetylation procedure with perchloric acid as catalyst was also applied successfully to 
the nitro-alcohols obtained from nitromethane and piperonaldehyde or vanillin; in all cases 
the limiting factor was the yield of the alcohol. 


* This compound is mistakenly designated 2-nitroprotocatechuic aldehyde by Beer et al. 


| 
| 
_—1-Ethyl-4- i 
hours. this oi] was extracted with hot ethanol, and the undissolved solid 
was crystallised several times methanol. The resulting pale-yellow prisms did not melt below 300°. ' 
requires C, 37-2; H, N, 48; 1, 436%). This substance represented only a small 
ether gave large q of an intractible oily mixture of ' 
Division, Restarcu Lasoratonizs, 
Becxennam, 
are readil | 
hates tho qputhests 
indoles from suitable 
derivatives of 6-aminohomocatechol (2-amino-4 | 5-dihydroxytoluene) leads to dark amorphous 
products. 
HOY 
(l) 
1 Me 
HO NH, 
q (v.) 
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had no difficulty in preparing the 6-nitroprotocatechuic aldehyde required for the initial 
condensations by the method of Parijs (Rec. Trav. chim., 1930, 49, 36), although our yields never 
exceeded 50% of the theoretical amount.* We had also used Harley-Mason’s method but found 
that it possessed no advantage. 

hydrochloride to remove the methylene group from 5 ; 6-methylenedioxyindole and its 2-methy! 
derivative, but had found that the markedly exothermic process led to the production of much 
black materia] with only very small amounts of the required dihydroxyindole (see Chem. and 
Ind., 1948, 313). We do not recommend this procedure. 

Hydrolysis of 5 : 6-diacetoxyindole under relatively mild acidic conditions, although slow, 
gave a monoacetate, m. p. 150° (decomp.), which was readily distinguishable from 5 : 6-di- 
hydroxyindole (I; R = H) and in alkaline solution underwent rapid conversion into melanin. 

We have also investigated the Tyson method (Org. Synch., 1943, 88, 42) for the synthesis 
of indoles by preparing suitable acy! derivatives of 6-ami atechol (2-amino-4 : 5-di- 

ene) (V). We have used, for example, the OON-triacety! derivative and also the 
N-formyl- and N-acetyl-OO-dibenzyl derivatives. In all the cases studied we obtained, not 
altogether unexpectedly, dark amorphous products. 
nitroethane with 6 tech was carried out 


Condensation of nitromethane or aldehyde 
at 0° for longer than ! hours. In such cases the reaction time is recorded. 


Extraction of 5 : 6-dily was always effected with peroxide-free ether. Ether con 
a trace of peroxide es and gummy material was produced. Such ma 
on thedh but showed a negative Ehriich reaction. 


hydroxide, 
: 6-Dihydroxy-2-methylindole showed a similar behaviour, but the polymerised material gave a positive 
reaction. 


2-Nitro-1-(2-nitro-4 5-diacetoxyphenyljethyl Acetate (1V ; viscous syrup obtained from 
6-nitroprotocatechuic aldehyde (2 g.) and nitromethane was in three times its weight of acetic 
anhydride, and two drops of 72% acid a ay ‘Aner 30 minutes the reaction mixture, 


from which crystalline material ted, was diluted with water (25 c.c.); after 1 hour the 
triacetate was collected, dried, and crystallieed from benzene-light yo ray p. 60—80° unless stated 
being Found C, 45-7; H, 39; N, 7-8. 
bai 454; H,38 


itro-4 5-diacetoxystyrene (11; H).—A mixture of the above triacetate (2-6 
antiydrous todium acrtate and acetic anhydride (8 ¢.) was boied for minutes. allowed to 
cool, and then treated with water (25 c.c.). eek apeetond from aqueous 
alcohol in pale orange plates, m. tion (Found: C, 46-5; 
H, 3-4; N,@1. Cale. oN,: C, 465; H, 32; et al. give m. p. 133-134", 
but we have never been able to exceed the value of 123—i24°. 


: 5-diacetoxyp Acetate (IV; R = Me).--The residue obtained from 
techuic aldehyde (4 g.) and nitroethane after 64 hours was treated with acetic anh 


needles ( m. 41—l4 ound: C, 47-3; H, 4-4; N, 66. 
7-3%), which showed some variation (see 


requires C, 46-9; H, 42; N, 


mina in 96% yield, as described for its lower 


18 hours at room temperature and subsequently at 0° for 2 da dark brown mixture was then 


diluted with an equal volume of ice-water and acidified at 0° dilute acetic acid, whereupon a dark 
washed thrice with aqueous ra mye eb water. On evaporation of 
This was dissolved in acetic anh esta) and perchloric acid (73 hours 
at room temperature diluted water. The crude product was the minimum amount of 
boiling 96% alcohol ; after cooling, the clear solution was decanted from y matastel which capasated. 
When kept, the solution deposited a solid (2-6 g.), m. p. 92-06" ; Si Te 
acetate, m. p- 99° (Found Cc, 321; H, 43; N 


Treatment of this with acetic anh colle: : 4-methylenedioxystyrene, 
m. p. and mixed m. p. 158—150°. 


° ofthe theoretical amount, was that obtained fom ie the weig of diacetate 
6-nitropiperonylidene diacetate 
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acetate gave 


Methylenedioxyindole (5 g.) 


from -light petroleum 
44. CyH,,O,N requires C, 526; H, G1; N, 4&7 
Treatment with acetic and sodium acetate 


combined ethereal extracts were washed with a little water and dried (Na,SO,) 
ethereal extract when in a vacuum desiccator over potassium hydroxide gave a little 
material which separa from benzene-light in colourless needles, m —s 
(Pound: C, 642; H, 46; N,@1. Cale. for C, 644; H, 47; N. 

from yoy reduction with iron powder acid to 


and mixed 
bn. on 1; Ke Me) procedure detailed for (I; R= H) was 
8: again using an equal weight of dry hydroch: 
The indole trom benzene in colourless needies, m (decomp. ) Pound 
black at 


from 5 : 6-diacetoxy-2- 

meth ylindole, (Pound: Cc, H, 64: N, 5-9. 

Cale. tor C, 63-2; 53; mp (round p. 180° (decomp). 
a solution of 5: 6-diacetoxyindole (0-5 g.) in 

straw-coloured solution became deep solution was mixed with 18 ium 

acetate (12-5 and extracted with other The etherea) solution was dried ( and thea 


if necessary, 
equal volume of light petroleum (b. p. 80"). On keeping 0-26 g, of a mixture of 5 : 6-diacetoxyindole 
and the monoacetate separated 
« to the lower solubility of the slate in be the mixture was readily 
crystallisation from this solvent. The monoacetate 
of needles (110 }), m. p. 150° (decomp.) (Found: C, 62-8; 


62-6; 47; N, oF 5: Diacetox 
6A Dracetate (2- Amino’ 


bosling it with acetic anhydride (3 s) and fused sodium acetate (1 
ate crystallised from aleohol 103-108". 
diacetate ( (8 in warm methanol (100 c.c.) in ot 
which separated from 
Hoe. requires C, 502; H, 5-8; N, 63%) 
in cold hydrochloric onl’ ont tes insolubility in cold dilute sodium hydroxide 
had not occurred. 

——_ ano, af pale orange needles (from dilute acetic acid), m. p. 165° (Found; C, 58-6; H, 5-6 
requires C. 689; H, &7; N, 53%). 

hther (2-Nitro-4 : solution of 6-nitrohomo- 
catechol (0-1 mol.) and benzyl chloride (0-2 mol.) in alcohol (100 ¢.c.) was heated to boiling and an 
air-tree, 50%, aqueous solution of potassiom hydroxide (0-2 mol.) was slowly added. After ———s 
until neutral, the solution was poured into water, and the ether from alcohol. Clusters 
of yellow needies (64%), m. p. 06—100° (Found: C, 71-5; H, 56. C,,H,,O,N requires C, 72:2; H, 

»btained, 


Ether-—This amine was obtained in 
dibenzy! ether (20 g.) im dioman (180 ¢.c 
jon trom aqueous alcohol gave colouriess needles, m. p. §1° 
66; requires 790: H, 66; N, 44%). 

then poured into water, an almost bey uantitative yield of i dibensyl ether was 
obtained, which crystallised from alc p. 136—136° (Pound; C, 75-6; H, 
60; requires C, 761; H, @1; N, 40%), 

Acetylation was carried out by redening with acetic anhydride (1-5 parts) and acetic a—_ (1-5 parts) 
for 20 minutes. The acetyl derivative (y 100%) separated from methanol or 
749; HL requires C, 74-6; H, 65%) 

alcohol (12 ¢.c.) in an atmosphere of nitrogen and then heated in accordance with the procedure 
detailed by Tyson (Joe. et). black material was formed Similar results were obtained with 
6 acetamidoh te dibenzy! ether and with 2-acetamido-4 : 5-di y When the 


i 
orange needles (from alkohol), mj j 
6 (1; BR with 

treshly prepared, dry pyridine -bath 

entil th began. The 165° 
by removal, when necewary, of the tube from the bath. After the reaction has subsided the product ' 
treated with an excess of crystalline sodium acetate. The mixture was then filtered to remove | ; 

extracts ne gave «a uit rea towards El chs cagent The « one & was 

is} me was re vered trom ther the 7 
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Wot thin, nor el the acidification, gave a reaction with 
Ehbrlich’s reagent. 
We thank Low Temperature Carbonisation, Ltd., for a generous gift of homocatechol. 
Krixo’s Cottzce or Hovsenotp anp Sociat Scrence 
(Uxivarstry or Lowpow), W.8. (Received, January Wth, 1950.) 


220. C-Acetylation of «'s'-Naphthindole (4: 5-Benzindole) Derivatives. 
By S. G. P. Prant and M. W. THompson. 


9-diphen -naphthindole (2: 3-dimethyl- 3-diphenyl- 
: 5-benzindole (nt Rave ered, by te ation of hot anhydride and 
such as sulphunc acid of acid, into compounds which 


Other of these also been prepared. and some of the substances have 
been oxidised to substituted naphthalenes. 


Tt was found by Oakeshott and Plant (j., 1928, 1840) that 8; 9: 10; 11-tetrahydro-a’p’- 
naphthacarbazole (I) (5: 6:7 : 8-tetrahydro-3 : 4-benzcarbazole (Ia))* was readily converted 
by hot acetic anhydride in the presence of a few drops of concentrated sulphuric acid first into 
the N-acetyl, and then into a C : N-diacetyl derivative, the latter of which was hydrolysed to 


obtained similarly from 9; 10-dihydro-«’p’ hth tindol an (Bryant = 


. 8: R 


hn Stith, Gen Other substances can be 


used in the place of sulphuric acid as catalysts in this reaction, and syrupy phosphoric acid has 
been found to be very convenient. 


H oan.) H atts) Iv) 


The position of the C-acetyl group in these compounds has not been rigorously proved, but 
there is now no reasonable doubt that they are 5-acetyl derivatives of (III) [= 6-acetyl 


derivatives of (I11a)} for the following reasons: (i) bromination of the 7-acy! derivatives of (I) 
has given the 5-bromo-compounds (Plant and Tomlinson, /., 1932, 2192); (ii) the above 
C: N-diacetyl have also been obtained from the N-acetyl! derivatives of (I) and 
a R = Me) with acety! chloride and aluminium chloride under the conditions of a Friedel- 
Crafts reaction, a process which has becn shown invariably to result in substitution at the 
~acy! derivatives of carbazole, 1 : 2: 3: 4-tetra- 
: 3-dlimethylindole (J., 1934, 1142; 1035, 741; 1936, 40; 1947, 

1631); (iii) 5-bromo-7-acetyl-8 : 9 : 10 


bromo-9-acetyl- 

5:6: 7: 8-tetrahydro-3 : 4-benzcarbazole), in which there is already a substituent in the 
was not affected by acetic anhydride under the conditions mentioned above. 

Treatment of 8 : 9-diphenyl-a’f’-naphthindole (111; R = Ph) with hot acetic anhydride 


the corresponding C-acetyl compound The point of attachment of the C-acetyl group was 
not 
Plant, /., 
benzindole (IIIa; R = Me)) has now been similarly converted into its 5 : 7-diacety!l derivative 
/ A». 


Plant and Thompson: C-Acetylation of 


acid resulted in the formation first of a C-acety! 


O-dsphenyl-a 
‘The T-acetyl derivatives of 8 9-dimethy!- and 8 : 9-diphenyl-a’$’-naphthindole have been 
obtained by treating the products from (IIl; R =< Me and Ph respectively) and ethyl- 
magnesium bromide with acety! chloride. Both were hydrolysed to the original indole by 
hot alkali, and were converted into their 5-bromo-derivatives. 

Koelsch (J. Amer. Chem. Soc., 1944, 66, 1983) found that 6-bromo-l-acetyl-2 : 3-diphenyl- 
indole could be oxidised by chromic acid in acetic ack! to 5-bromo-2-benzoy!-N-acetylbenz- 
anilide (IV), and the process has been extended by Ritchie (J. Proc. Roy. Soc. N.S.W., 1946, 
80, 33) to other derivatives of 2 : 3-diphenylindole and by Gaudion, Hook, and Plant (/., 1947, 
1631) to l-acetyl- and | : 6-diacetyl-2 : 3-dimethylindole, It therefore seemed probable that a 
similar oxidation of some of the above substances would provide a convenient route to certain 
di- and tri-substituted naphthalenes, and the reaction has been satisfactorily applied to 7-acetyl- 
and 5: 7-diacetyl-8 : and to 5-bromo-7-acetyl-8 : 9-diphenyl- 
«’S’-naphthindole. It is surprising that when 7-acetyl-, 5 : 7-diacetyl-, and 5-bromo-7-acetyl- 
&: 9: 10: 1)-tetrahydro-«’f’-naphthacarbazole, in which a cyclic structure is attached at the 
2: 3-position in the indole system, were treated with chromic acid under similar conditions, 
analogous oxidation products could not be isolated. 


EXPERIMENTAL. 

8: ‘B -maphths (2 : 3-Dimethyl-4 : —2-Naphthylhydrazine hydro- 
chloride (from amine (50 containing sodium acetate (40 g,) at 50° was treated 
with methy! ethyl ketone (26 ¢.c.), and the mixture boiled for 10 minutes. After the addition of 
concentrated sulphuric acid (10 cc), the mixture was boiled for 20 minutes, cooled, and diluted 
with water (1 1.) wee acetic acid, the dimethy! compound was 
obtained in colourless plates, m ae 131° (yield, ne folff (Ber., 1888, 21, 3360), who prepared the 


compound from 2-aaphthylamine and §-bromola-vulic acid, found m. p. 132° 


-Acatyl-8 -naphthindole (1-Acetyl-2 -4 : above indole 
when the reaction was fi the mixture was treated gradually with acetyl chlonde (8 c.c.), 
with shaking, and the whole boiled for 10 minutes. After the addition of an equal volume of dilute 
hydrochloric acid and removal of the ether by evaporation, the solid was ised from alcohol, and 
the acety! derivative obtained in colourless needles (yield, >). m. p. 119° ound N, 60. C,.H,,ON 
uires N. 50%). After a solution of the acetyl « hydroxide 


been boiled for § hour, addition of water precipitated 8 ; sO dimethyt-e thindole (identified 

by mixed m. p.). The addition of a molecular proportion of bromine to the acetyl compound in glacial 

acetic acid, followed by dilution with water, gave 5-bromo-7-acetyl-5 : 0-dimethyl-a'B'-naphthindole 

6-bromo-|-acetyl-2 3-dimethyl-4 which from acetic acid in needles with a 
tinge (yield, 70%), m. p. 186" (decomp.) (Found: N, 47. C,9H,ONBr requires N, 4.4%). 

When 7-acetyl-8 : 9-dimethy!-a'f’-naphthindole was oxidised with chromic acid as described below, 

2 colourless needles (40%), 133°, from alcohol, was obtained 

(Pound: C, 71-3; H, 66. C,,H,.O.N requires C, 71-4; 

5: 7- dimethyi.a B (1 6-Diacetyl-2 methyl-4 &-bensindole) —(a) After 

8 O-dimethyl-a'f’- naphthindole (10 g.) in acetic anhydride (60 c.c.) containing 5 drops of concentrated 

— acid had been refluxed for } hour and poured into water (500 c.c.), the solid which separated 

was purified by boiling its solution in alcohol (500 c.c.) with charcoal. When recovered from the 

filtered solution by dilution with water and crystallised from amy! alcohol, it gave 5: 7 rp $s: 9 

ae tg ee in pale yellow plates (30%), m. p. 171° (Found: N, 4 saga requires 
or sclphaahic eckd. as catalyst ga ve better ‘elds. 

luminium chloride (3-5 g.) was added to 7-acety!-8 9-dimethyl- Paaphthiadale (2 
acety! chloride (1-5 c.c.) in carbon disulphide (50 c.c.), and the whole refluxed for 3 hours. A 

carbon disulphide had been distilled off and the residue added to ice-dilute hydrochloric acid, the solid 

was crystallised twice from alcohol and 5. 7-diacetyl-8 9-dimethyl-« 8’-naphthindole, identical (mixed 


m. p.) with the above uct, was 
Acatyl-8 : (6-Acetyl-2 : 3-dimethyl-4 : 5-benzindole).—After a solution 


of the above diacet foe {out and with water, 
hydroxide (0-6 g.) diluted with water, 5-acetyl-8 9-dimethyl-a’ 
map hthindole, 37°, from alcohol, was obtained (Found: C, 80-9; H, 


with Erdroay! ine hydrochloride and sodium acetate for { hour, separated from benzene in colourless 
(Pound: N, 11-4. requires N, 11-1%) 

ety ic anhydride (0-8 g.) in water (3 c.c.) was added to 5: 7-di- 

ous 0-dimethyi-« #'-naphthindole (2 g.) in glacial acetic acid (100 c.c.), and the mixture left at 

foom temperature for 12 hours and then heated at 70° for 10 minutes. When cold, it was poured into 


of more wa’ dried (Cath wnined was extracted thrice with benzene (3 x 30 c.c.). The 
united were ovapernted was from 


addition ( 
residue obtained when the dried ( 


and syrupy phosphoric compound, which was 
unaffected by boiling yaro of a C: N-diacetyl 
compound ander more vigorous conditions. These substances are probably 5-acetyi- and ; 
j 
q 
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oad with ueous ammonia (d 0- The prod ect which separated on storage was 
and 2-acetamido-1 : isolated 
m. 49—150° (Found: C, 71-1; 1s0,N requires C, 7i4; H, 66 
tyl- was obtained when this a os &. was refluxed 
m. ‘ow 
naphthindole 2:3-Di : 5-bensindole).—After a solution of equal 
ised sodium acetate (ied yl benzyl ketone in 
colourless needles ( 
When a solution of this substance 
concentra (6 ca.) wes bolled for } bour and 


ct volume of water to the cai 


colourless rods 
requires C, 66-1; 
After solution of this substance (Ig) in alcobo containing concentrated hydro- 
N, 33%). 


wcid (000 cc) was treated with chromic aniyaride (6 ite for 4 hours 
boiled for 


On 
66-8; H, 3-0; 


5-Acetyl- 5: 7- 


but, ‘when its solution Je acetic anhydride (1 


reddish-brown prisms, 
3. H. O,N requires C, 83-4, 
by aqueous-alcoholic ium 
“8:9: 10; ‘B’ map (2: 5:6: 
benscarbazole).—After 7-acetyl-8 : 9: 10; 11-tetrahydro-a’f’-naphthacarbazole in carbon disu 
had been treated with acetyl chloride and aluminium chloride as described for the 
acetyl-8 -tetrahydro-a’f’-naph’ prams, p. 
identical (mixed m. p.) with the substance described by snd Phand 


Dysow Pexrtns Lasoratory, Oxrorp University. 


from acetic acid in almost colourless — (80%), m. p. ; N, 43. | for 
Cult : N, 44%). 1804, 66, , who made indole by heating benzoin 
-naphthylamine zine chloride, give m. p. 166—167°. 
1-Acetyl-8 9-diphenyl-a'B’ -naphths (1-Acetyl-2 : 3-diphenyl-4 : S-benzindole) and its Bromo- 

derivative.—Prepared by a process similar to that used for the dimethyl analogue described above, 
227° (Found: N,3-6. C,,H,,ON requires N, 3-0%). It was readily to 8 : 
a’f’-naphthindole by boiling aqueous-alcoholic potassium hydroxide. Bromine ( 
solvent (250 c.c.), and, after § hour, water (100 c.c.) was added. 5-bromo-7-acetyl-8 : he = a 
a’ B’-maphthindole (6-bromo-|-acetyl-2 : 3-diphenyl-4 : 5-benzindole) which separated crystallised from 
muixturd 
m. l 
chk 
30 c.c.) containing 4 drops of syrupy phosphoric acid had been refluxed for } hour, cooled, and poured 

water (200 c.c.), the solid was purified y boiling its alcohol solution with charcoal for 20 minutes, 
and recovered by precipitation with water. crystallised from alcohol or glacial acetic acid, it gave 
5-acetyl-8 : 9-diphenyl-a’B’-naphthindole in greenish yellow rods (1 g.), m. p. 245-—-246° (Found: C, 
86-3; H, 564. C,,H,ON by boiling with aqueous- 

(Received, February 1st, 1960.) 
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221. The Separation of Mixtures of Solutes by Distribution between 
Solvents. Part I. The Separation of the Components of a Fired 


By Joun D. A. Jounsow and Taxsor. 


throughout a senes of mixing vessels which two solvents pass continuously in counter- 
theoretically. It ss shown that mixtures of solutes ha i 


Tue principles underlying the separation of solutes by systematic partition between two solvents 
have been treated by Jantzen ( Das fractionierte Destillieren und das fractionierte Verteilen 
als Methoden cur Trennung von Stofigemischen,” Dechema-Monographie No, 48, Vol. 5, p. 100, 
Berlin, Verlag Chemie, 1932), by Nash (/nd. Eng. Chem., 1935, 27, 836) and by Bush and 
Densen (Analyt. Chem., 1948, 20, 121). These authors have concerned themselves with the 
purification of an impure solute by a series of batch extractions which bears many analogies to 
systematic fractional crystallisation. The practical! difficulties in operating in this fashion are, 

, considerable. Each further stage of extraction involves still another additional 
operation of distribution, and the chances of confounding the various solutions are increased 
accordingly. Bush and Densen showed that the maximum separation of two solutes having 
at each step in the distribution process. This is strictly analogous to the condition deduced for 
the most satisfactory operation of the process described below. 

An ingenious method of conducting such batch-wise separations was devised by Craig 
(J. Biol. Chem., 1043, 150, 33; 1944, 155, 519) who described an apparatus which prevented 
the confounding of the various solutions and permitted a large number of the steps to be 
performed by one manual operation. Craig (loc. cit.), Williamson and Craig (ibid., 1947, 168, 
687), and Lieberman (i:d., 1948, 173, 63) have shown mathematically that the manner in which 
a solute should distribute itself in the several tubes which comprise the apparatus can be 
predicted, and that differences between the theoretical and the observed values point to 
inhomogeneity of the solute. 

The behaviour of a continuously run counter-current system bearing analogies with the 
Craig apparatus has now been investigated and it has been shown to possess all the advantages 
of the latter, while at the same time no upper limit to the scale of operation is imposed. 

Our counter-current separation process is concerned with a fixed quantity of material which 
is introduced all a! once into the system. The separation or extraction of a solute, continuously, 
from a continuous feed of a raw material by counter-current methods is well-known practice, 
tubular extractors, or series of vessels which bear a forma! resemblance to the apparatus now 
described, being the usual form of extraction equipment. As far as can be ascertained only two 
attempts have been made to deal with the separation of the components of a fixed quantity of a 
crude material fed into a system all at one time (Cornish, Archibald, Murphy, and Evans, Ind. 
Eng. Chem., 1934, 26, 397; Martin and Synge, Biochem. J., 1941, 35, 91). Our system consists 
of a series of mixing vessels each provided with a separator; the nature of the separator 
depends on the behaviour of the materials being studied but can be disregarded for the time being, 
except for the condition that the volumes of the separators must be small compared with those 
of the mixing vessels, the volumes of the latter being all supposed equal. The general arrange- 
ment of the mixers and separators, and the direction of flow of liquids, together with their rates, 
is shown in Fig. 1. Solvent A enters the system at mixer 1 and there mixes with solvent B; 
the mixture passes to the separator at a rate which is the sum of the separate rates of the two 
phases. (Volume changes on mixing the two solvents can be neglected since each is saturated 
with the other before introduction into the system.) The two phases separate in the separator 1, 
whence solvent B leaves the system and solvent A passes to mixer 2 at the same rate at which it 
enters mixer 1. In mixer 2 solvent A mixes with solvent B from separator 3, and the mixture 


distribution coefhcients should be separable into the components to extents dependent on the 

Coadition for the separation of two solutes, present in equal proportions cen 

an extended system, is when the ratio of the feed rates is the inverse of the mean of 

the distribution coefficients. The theoretical conclunons have investigated by reference t 

the behaviour of oxalic and succinic acids towards butanol saturated water and water : 
o saturated with butanol, in 2- and 19-vessel systems, the experimental results are in substantial 
; agreement with the theoretical requirements. 
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passes to separator 2, whence B proceeds to mixer | and A goes to mixer 3, and 
throughout the system. Solvent A moves, therefore, from left to right and solvent B 
contrariwise. The problems to be solved first are the behaviour of a solute 

vessel, and the possibility of separating solutes, the distribution coefficients of 

the two solvents differ to greater or lesser degrees. 


Fro. 1. 
Mixers 


Separators 
The following symbols are used below : 


* = weight of solute in g. 

V = volume of mixers in ml. 

v, = feed rate of solvent A in ml. /hour. 

ty = feed rate of solvent B in ml./hour. 
hk, ky, &, etc. = distribution coefficients of solutes between A and B. 

= number of mixers (or separators) in the system. 

XK = number of the vessel in which the solute is placed. 

t = time in hours. 
Pv Pe » = concentration of solute in solvent A in vessel 1, 2, .. . . 
Ye = Concentration of solute in solvent B in vessel 1, 2, .. . . 


The distribution coefficient 4 is defined as p/¢; p usually refers to aqueous solutions and ¢ 


sol 
solutions in the other solvent. Furthermore, the aqueous phase moves from left to right. 


1-Vessel System.—At the moment when the solute is introduced into the 1- system 
(t < 0) the following relationship holds : 


—%__\y 
since —?~) and (—")— are the volumes of solvents A and B present in the mixer 


Now at time /, the rate of loss of solute from the vessel (it will sometimes be a gain with 
multi-vessel systems) is given by 


dp v 
+ 
If the conditions at zero time (equation 1) are taken into account, this equation leads to : 


+ %) 
The value of ¢ is obtained by dividing this expression by 4. Since this applies throughout the 
whole of the mathematical treatment, g is disregarded except in special cases. 

If the vessel originally contained equal quantities of two solutes having different values of 
the distribution coefficient, the proportions in which they would be found in the two effiuents, 
when all the solute had left the system, are given by 


The ratio of the amounts of two solutes which should be present in solvent A effluent would be 


+ 
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and the corresponding ratio in solvent B effluent would be similarly 


It is clear that the extent of separation depends, not only on the distribution coefficients of 
the solutes, but also on the flow rates of the two solvents. If the best separation be defined as 
that which leads to the two products in an equal state of purity, we have 


If the vessel is operated under conditions denoted by (5), the composition of the mixtures 
from the vessel can be determined by substituting (5) in (3) or (4) which reduce to 

A l-vessel system is not very effective as can be shown by substituting suitable values for 
A, and &, in this 

2-Vessel System.—The behaviour of this system may be used to illustrate two points of 

for the successful and most efficient operation of more complex 

(a) In the mathematical treatment of all systems it is assumed that the rate at which a 
solvent leaves the terminal separators is the same as that at which it enters the system and that 
at all intermediate points there is no hold-up or more speedy movement of the solvents. If the 
behaviour of the apparatus is such that a solvent tends to accumulate in, or to vanish from, one or 
more vessels of an extended system, the equilibrium is disturbed and a uniform movement of 
solutes cannot be expected. It is important, therefore, that the material leaving a mixer be a 
representative sample of its contents at the moment of departure; the agitation of the contents 
of the mixer must be sufficiently vigorous to prevent any settling and, in its journey to the 
separator, the mixture must have no opportunity of separating into layers, of which one or other 
might not pass completely into the separator. 

(6) The solution entering a mixer from a separator is assumed to be a representative sample 
of the solution which exists at that precise moment in the mixer whence it comes. Because the 
concentrations in the various solutions throughout both simple and complex systems are continu- 
ously changing, a concentration gradient must exist within a separator of finite dimensions, but, 
if the separators, whatever their nature, have a content which is negligibly smal! compared with 
that of the mixers, the concentration gradient will also be negligibly small. The volumes of 
the separators must, therefore, be as small as possible compared with those of the mixers. 

In a 2-vessel system the concentration in solvent A in the vessel in which the solute is placed, 


at the moment of introduction, is given by p= pret which can be derived by trans- 
position of equation (1). At any moment the following relation holds for vessel 1 - 


Writing V/(e, + R and (Av, + = S, we have 
RSdp, — /k — Sp, 


whence it can be shown that 


Similarly, for vessel 2 
RSAp,/dt — — Sp, - 
If the solute is placed in vesse! 1 (Case I), the solution is : 
and 


| | 
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Similarly, if the solute is placed in vessel 2 (case II), 


(ke, + 


Although similar, these two sets of equations are not identical. If arbitrary values of the 
parameters are chosen the manner in which the concentration in solvent 4 varies with time in 
each vessel can be determined. Thus, if o, =< 0, = * = 1, A = 4, and V = 10, the values of 
f, and p, for the two cases, indicated by Fig. 2, are obtained. 

As might have been expected, the solute is transported more readily in the direction of 
movement of the better solvent, although it still moves in both directions. 


Fro. 2. Fro. 3. 


(Case 1) 


Fic. 2.—2-Vessel system. el; Vw 4, 


It is clear that a predominant movement in one direction could be checked, compensated, or 
even reversed by alteration in the relative feed rates of the two solvents. By proper choice of 
these rates, the solute could be caused to emerge at equal rates from the separators. The 
amounts of a solute which emerge from the two ends of the system can be ascertained from the 
expressions : 


By choosing the arbitrary values v, = » = 1, and various values for 4, the following figures can 
be calculated (the solute being placed in vessel 1). 


These values of P and Q show that the components of a mixture of two solutes having 
& = 1-0.and 10-0 would emerge from the system operated in this way 73% and 87% “ pure.” If 
the two solutes had A = 0°] and 1°0, they would emerge 97°4% and 60% “ pure.” 

3-Vessel System.—The 3-vessel system (Fig. 1 reduced to three vessels) is the prototype of 
more complex systems, in that the central vessel is fed from each side. For the three vessels 
the differential equations which represent the movement of solute are : 


Vessel 2 : 


” 
system 
p, (2-Wesse/ system) 
@ 0-667% 0-000s 
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Vessel 3: 
These equations can be written in the simpler forms : 


dp,/dt py, . . . 


Calling Case I that in which the solute is placed in vessel 1, and so on, remembering that 
at time ¢ « 0 the concentration p im solvent A in the vessel in which the solute is placed is 
{ax(v, + ©))/(¥ (ae, + o)) and that in all other vessels it is zero, we can show the complete set 
of equations applicable to the 3-vessel system to be as follows : 


Case I: 
ha(v, + %) 
ke, + V2 v2 
n= 


hv, + %) & 


(130) 


Case Vi Vi 
+ %) 2 2 


ha(v, + fe” 


av, + v2 v2 

» Avie, +o) 

+o) v2 


Case Il: 


In these equations 


+ V thom, 

It is interesting to note the effect of adding an extra vessel to the 2-vessel system, especially 
case II (the 3-vessel system), In this case, the solute is placed in the central vessel, and those 
portions of it which pass to the adjacent mixers have a chance of being returned. Hence, it is 
to be expected that the concentration in the central vessel will be maintained at a higher level 
than in a 2-vessel system. Fig. 3 compares the concentrations in solvent A in 2- and 3-vessel 
systems when solute is placed in the central vessel of the latter, », = » = 1, V = 10, ands = 1 
being chosen for the various parameters. In order to make the conditions in the two examples 
as nearly equa! as possible, it is supposed that in the 2-vessel system the solute is placed in vessel 
1. It might be expected that with systems of many vessels the concentration in the central 
vessel (when the solute is placed therein) would be maintained still higher, although there would 
undoubtedly be a peak value for such a concentration at a given time, reached only when the 
number of vessels becomes infinite. 


| 


[1950] Solutes by Distribution between Solvents. Part I. 1073 


can be written as 
ap, /dt + — 0) 
dp,/dt + p,/R — /ARS — = 0 


+ — ~ = 0 
+ — /RS 01 


Rand S have the significance given on p. 1070. The solution of these equations will depend on 
the number of the vessel in which the solute is originally placed. The general solution, although 
not difficult, is rather intricate and will be dealt with elsewhere. It has been shown, however, 
that if the solute is placed in the Kth vessel, the concentration #, in the rth vessel at time ¢ is 
given by 


In this expression j is an integer taking the successive values (1 — »), whence p, is the sum 
of » terms of the form Ae-* which correspond to the m terms expected in the solution of a 
linear differential equation of the wth order. If ¢ or K = (m + 1)/2, sin [Kjx/(m + 1)) = 
sin (jx/2). For even values of j, sin (jx/2) = 0, whence it follows that only the odd terms are 
required in order to find p,. When K = (m + 1)/2, the solute has been placed in the central 
vessel and, since this seems the natural point at which to introduce a mixture of solutes which 
it is desired to separate into its components, the behaviour of a 19-vessel system will be considered 
in which K = (m + 1)/2; a 19-vessel system is chosen because it facilitates calculation and, 
while it is relatively small, yet it is sufficiently extensive to give some idea of the behaviour to 
be expected of more extended systems. 

Distribution of the Components of a Complex Mixture in a 19-Vessel System.—The problem of 
how the components of a complex mixture distribute themselves in a 19-vessel system may be 
regarded as a particular example of the more general case. It is necessary, first, to ascertain 
the manner in which a simple solute passes from the central vessel, in which it is placed, to the 
ends of the system. If the distribution coefficient is unity and the feed rates of the two solvents 
are equal, then clearly the solute would leave the system at each end at equal speeds. If for 
this system the distribution coefficient is greater than unity, the solute would move faster in 
the direction of movement of the aquecus phase, and conversely. To illustrate the manner in 
which solutes move along the system, arbitrary values may be assigned to the various parameters 
in (17). Thus ifo, = 1, V = 10, and’ 1, equation (17) becomes 


If v, = % = land V = 10, it is supposed that the residence time is 5, that is, material spends 
an average of 5 units of time in each vessel and, if this time is sufficiently long for equilibration, 
v, and », can be made as large as desired. The feeds can even be stopped and restarted without 
detriment. 


Calculation of individual values of p,, that is, of p,, P,, Ps, etc., from (18) is no light task; 
seven-figure tables must be used throughout because the terms to be summed in (17) are partly 
positive and partly negative, whence, in the sequel, the value of f, is frequently the difference of 
two large numbers. This is especially noticeable when the vessels remote from the point of 
introduction of the solute are considered. 

The results of such calculations from equation (18) are shown in Fig. 4. The concentration 
in vessel 10, that in which the solute is placed originally, falls exponentially, but it is of interest 
to compare the rate of fall with that applying to the middle vessel of a 3-veasel system. The 
data applicable to the latter system are indicated by the broken line in the figure. It is seen 
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that the solute is retained in the central vessel of the 19-vessel system for a much longer period, 
since the concentration falls so much less rapidly. 


Pius. 4. 


° 


Concentration. 


> 
8 


20 3% 40 50 60 80 100 
Time. 
in the several vessels of @ 19-wessel system, when hm 1; 1; V 10; 
10, 


If the distribution coefficient of the solute is 10, and », =[m, = land V = 10 as before, the 
equation applicable to the system becomes 


and the distribution of the solute throughout the system takes on an entirely different character. 
Calculation is facilitated by noting that sin 0j* = sin 171j° and so on, from which it can be 
shown that 


Pi = Pw 10° 
Ps = Pig X 10° 


Pius 


Indeed, the concentration in the rth vessel is related to that in the (mn + 1 — r)th in a very 
simple way generally, because the identity of 


a+l 
ensures the identity of the £ terms in equations of the type of (17) for p, and p,,,—,; whence 


Moreover, it follows that the maximum concentration in vessels related in this way must be 
reached at the same moment. 


The necessity for the use of seven-figure mathematical tables becomes more apparent here, 


i 
0 06 
0-04 
& 
6 = 
| 
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especially with vessels 19, 18, and 17. The results of such a calculation are illustrated in Fig. 5 
which is drawn to the same scale as Fig. 4. First it is to be noted that the concentration in 
solvent A in vessel 10 is higher initially than it is if A — 1-0, because the solute must naturally 
give a more concentrated solution in the solvent in which it is the more soluble. However, 
despite this high initial value the concentration falls much more rapidly than it does when 
k= 10. The reason is as follows. The concentration in the same solvent in vessel 11 rises very 
rapidly to a high figure and then falls for a similar reason, i.¢., the solute is being passed rapidly 
from vessel to vessel towards mixer 19. On the other side of vessel 10 the reverse is occurring. 
The concentration in vessel 9 rises to a moderate figure and soon falls, but in all the remaining 
vessels it never reaches an important level. 


With a solute having & = 0°1 the situation is the reverse, solute leaving the system essentially 
in solvent B from separator 1. 


Fis. 5. 


Concentration 


LS 


Concentration in the several vessels of a 19-vessel system, when kh WW; @ 1; V K 10, 


A better picture of the manner in which the solutes leave a system is obtained if the concen- 
trations of solute in A in each of the vessels, at fixed times, are considered, These concentrations 
can be taken from Figs. 4 and 5; and Figs. 6 and 7 indicate the distribution of solutes having 
& = 10 and 10°0 respectively at the times indicated. For a solute having 4 = 0:1 the situation 
is much the same as that for the solute having A = 10, except that the solute moves in the other 
solvent in the reverse direction. 

Similar curves, plotted for different values of t, show that the peak concentration of a solute 
passes along the system like a wave of gradually diminishing amplitude, the rate of travel 
depending on the value of & for given values of v, and 0». 

Craig, in dealing with the behaviour of his apparatus, has indicated how the peak concen- 
trations are found in different tubes according to the number of transfers and the differences in 
the distribution coefficients of the solutes. An experimental approach to the problem of 
detecting inhomogeneity, used by him, has been to determine some property of the contents of 
the several tubes, whence a plot of this property (such as the biological activity, etc.) against 
the number of the tube, reveals inhomogeneity by a divergence of the experimental from the 
calculated curve, or, more obviously, by abrupt changes of slope of the experimental curves. A 
similar phenomenon is to be expected in the continuous counter-current process now described. 
If equal quantities of three solutes for which data have just been considered, are introduced 
into the central vessel of the 19-vessel system, the dispositions at fixed time intervals can be 
regarded as analogous to the distribution of the solutes after a given number of transfers in the 

32 


oer 
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Craig apparatus. Fig. § shows how the three solutes would be distributed in solvent A 
throughout the system at { — 50, the broken line indicating the sum of the several concen- 


Pro. 6, Fis. 7. 


234567 489 
Number of vesse/. Number of vesse/ 

Pia. in @ 19-cessel system at times 10, 20, 40, and 100. Am 1; 
= 1; 10; K 10, 

mh Distribution of concentration in a 19-vessel system at times 10, 20, 40, and 60. A= 10; 

1; Vw 10; WW, 


0024 


0-022 
0.020 
0-018 
0-016 


c 

0-014 

0-012 

S 0-010 

0-008 
0 006 
0 0048 4 
0-002) 4 


‘ 
Number of vesse/. 
19- Vessel system. Distribution at t GO (oy = = 1; V = 10), 


trations. The presence of the third solute could not be deduced from the composite curve, but 
this is because the third solute is essentially in solvent B. The composite curve for concen- 
trations in solvent B would be the mirror image, about the ordinate through 10, of that shown 


06 
‘ \ 2 
| 
Fis, 8. 
— 
AS 
: 
| 
! 
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in Fig. 8, so that the presence of the third solute could readily be detected. It is, therefore, 
extremely desirable to investigate each phase separately. While the examination of an aliquot 
of the mixed contents of each of the vessels in the example just considered would easily reveal 
the presence of the three solutes, in other cases when the proportions of the solutes are not 
equal, or when the distribution coefficients are sot so far apart, or when the feed rates of the 
solvents are not equal, the presence of one or more components of the mixture might be 
overlooked, if this method of examination only were adopted. 

Optimum Conditions for the Operation of a Multi-vessel System.—In dealing with a 2-vessel 
system the amounts of material leaving the end vessels by the expiration of a given time were 
calculated for — 0. It is possible to calculate the amount of a solute which will leave the 
ends of a multi-vessel system in much the same way although the expression to be integrated 
appears somewhat formidable. It is just as useful, and much simpler, to determine the ratio of 
the quantities of a given solute which leave the two ends of the system, which is readily done for 
systems of an odd number of vessels. The integrals 


are required, where f, and #, are given by equation (17), 


Vito, + =F ( jor a+ 
sin mye 


he, + 008 i) 


ho, + + (2 cos 


oe = sin ~ i and, since, with a central feed of solute, even values 


of j are irrelevant, it follows ant the ratio, 


Now, when j is odd sin — 


(23) 


The ratio of the amounts of solute which have left the two ends of the system at the end of a given 
time is shown by the same expression, since the ratio of the concentrations in a given solvent 
in the first and the last vessel is a constant at all times, as has been shown above (equation 20), 

If specific values are given to v,, »,, &, and n, the efficiency with which a solute is transported 
to one end of the system becomes clear. Thus, with vo, = % «« 1 and & = 10 in a 19-vessel 
system, the ratio of the amounts which leave the nineteenth an the first vessel is 10"; with 
hk =e 2it is 1024. Thus, even with such a low value of & as 2, 99°9% of the solute travels in 
one direction. 

Of most importance is the degree of separation of two solutes for which the distribution 
coefficients are close. If, as before, the aim is to get each solute equally pure, then the best 
conditions can be deduced thus. Calling the ratio of the amounts of the one solute leaving the 
nineteenth and the first vessel, ,, and that of the amounts of the other solute leaving the first and 
the nineteenth vessel, Q,, we have Q, = and Q, If the two 
solutes are present in equal amounts in the mixture, Q, must equal Q,, whence 


(24) 


Similarly, 
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This is an important relation since it defines the ratio of solvent flow rates most favourable 
for separation of the two solutes. 

Prom equation (24) we can deduce the value of Q for the system operated under its most 
favourable conditions, viz. : 


This expression makes possible a choice of the number of vessels to be used where the 
distribution coefficients of the two solutes are known. 

It is also important that Q is highly dependent on the constancy and correctness of the flow 
rate ratio, and on 4, when the system is an extended one, because a small error in the choice of 
the flow rate of one or other solvent is raised to the [(n + 1)/2)th power. 

The expression 100/0/(Q + 1)) defines the percentage purity of each solute emerging from 
the system operating under optimum conditions. Fig. 9 shows the relation of the percentage 
purity to the ratio of the distribution coefficients and the number of vessels. With a 19-vessel 
system, solute at least 99-90%, pure results if the ratio of the distribution coefficients is 4 or more. 
Even with ratios as low as 2, the products should each be 96°8% pure. 


Fro. 9. 


Percentage purity of effluents. 


Retin of distribution coefficients. 


N.B.—The numbers refer to the number of vessels in the system. 


Introduction of Solute Mixture in Vessels Other than the Central One.—It is, of course, not 
essential that the solute be placed in the central mixer. It has, however, not been possible to 
deduce a simple expression for the optimum conditions for operating a system when the solute is 
placed in any other vessel. If a solute is placed in a vessel to the left of the central one, the extra 
vessels to the right will tend to prevent the loss of solute from that end, and to favour its 
elimination on the left. To counteract this, an augmented feed of solvent A would be required. 
Hence, we may generalise by stating that the nearer the solute is introduced to the vessel into 
which a given solvent enters the system, the faster must be the feed of this solvent for the 
system to behave in a fashion comparable to that observed when the point of introduction is 
the central vessel. 

Separation of Oxalic and Succimic Acids._-The principles described above have been tested 
with mixtures of oxalic and succinic acids, which have been distributed between water 
and butanol saturated with each other, in 2- and 19-vessel systems. These acids were chosen 
because their distribution coefficients are close to unity, the distribution coefficient of one 
(succinic acid) is nearly independent of concentration, whereas that of oxalic acid is widely 
affected by concentration, and because both are easily determined in admixture. 

Distribution coefficients are usually recorded as the ratio of the concentration in the aqueous 
phase to that in the other phase. The coefficients are by no means constant as a rule, rising with 
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decrease in concentration in almost all the examples recorded in International Critical Tables. 
Therefore, as the concentration decreases, there is an added tendency for a solute to pass into 
the aqueous phase if & is variable. The effect of this variable value of 4 on the behaviour of a 
solute subjected to the operation of our counter-current system can be ascertained as follows. 

If the distribution coefficient applicable at the moment the solute is introduced into the 
system is chosen as the basis of calculations using equation (17), then, as time proceeds, A will 
rise for the vessel of introduction and the solute will move faster in the direction of the flow of the 
aqueous phase. In the vessel to the right of the central one, the value of & applicable when 
4 «= © will initially be higher than that chosen for the basis of calculations, whence solute will 
leave this vessel at a rate faster than that calculated. Consequently, the peak concentration in 
solvent A in this vessel may not be as high as expected (although the actual figure will depend 
on the relative values of augmented rate of entry into, and exit from, the vessel); in general, 
therefore, a solute with variable value of 4 will move faster to the nght in the system, and form 
a more diffuse wave, than would be expected on the basis of calculations in which & is assumed to 
be constant with the value appertaining to stronger solutions. 


2-Vessel system. The behaviour of succinic and oxalic acids separately in a 2-vessel system 
was first studied, the acids being placed in mixer 2 (Fig. 10). The separators in the apparatus 
used had a capacity about 5% of that of the mixers, and were, therefore, rather larger than 
desirable. The effect of this can be seen clearly in Fig. 11 which illustrates the concentration of 
succinic acid in the aqueous phase (p,) from vessel 2 and in the butanol phase (g,) from vessel 1. 
Obviously, at the start of the experiment p, should have had its maximum value, whereas, the 
maximum was reached only after the expiration of a short lag. The explanation is, of course, 
that the first sample taken for analysis from the separator was largely composed of the neat 
solvent which the separator contained at the moment of introduction of the solute into the mixer. 
Shortly afterwards, the neat solvent was displaced by concentrated solution, but after this the 
latter was displaced by the weaker solution then present in the mixer. Hence, at later times 
the concentration in this mixer, as determined by samples taken from the separator, was some- 
what higher than that calculated. The deviation produced by the finite relative size of the 
was more noticeable with the aqueous than with the butanol phase because, 
arbitrarily, the feed rate of the former was only about 20% of that of the latter. Consequently, 
the deviations of g, from the theoretical are within the limits of experimental error. 
Fig. 12 illustrates the results of experiments with oxalic acid with the same solvents which 
were, however, fed at rates more nearly equal and somewhat faster on the average than in the 


phase 
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experiment with succinic acid. As the experiment progressed, the difference between , 
observed and calculated became greater proportionally, although the general agreement left 
little to be desired. The discrepancy is partly due to the factors discussed for succinic acid and 
ly to the effect of the variable value of & for oxalic acid. The value of & applicable at the 
ning of the experiment (1°708) was deduced as described in the Experimenta! portion, but 

this was no longer valid towards the end of the run. The later results are higher than those 
calculated on the basis of A =~ 1°708. The discrepancy between the observed and calculated 
values is much more pronounced with the butanol solution issuing from vessel 1. The observed 
maximum concentration is only slightly more than one-half of the calculated. However, the 
experimental! results show that the concentration never reached the region in which the distri- 
bution coefficient ix 1°708 and, if a figure of 2°20 is taken as more applicable (based on an 
average concentration equal to one-half of the observed maximum value), the calculated values 
for g, are in much closer agreement. (It is not suggested that such a figure for 4 should be chosen 
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Fro, 11.— Distribution of succinic acid in 2-vessel system. concentration in aqueous phase; 
~ concentration im butanol phase 


Fic le Distribution of oxalic acid im a 2-wessel system. py = concentration in aqueous phase; 
concentration im butanol phase 


so as to bring the theoretical and observed values into line; the higher value for & has been used 
only to illustrate that the reasoning given above regarding the expected behaviour of solutes with 
variable values of the distribution coefficient is sound.) 

It was desirable to supplement the two experiments described, by an experiment on the 
behaviour of a mixture of oxalic and succinic acids in a 2-vessel system. Taking the distribution 
coefficients of the two acids as 1-8 and 0°935 respectively, the ideal ratio of the feed rates of the 
two solvents is 0-755. As & for oxalic acid is probably greater than 1°8 for most of the time the 
best ratio is probably somewhat smaller than this; the flow rates actually used gave a ratio of 
0-412, which was andoubtedly lower than necessary. On this occasion the solutes were placed 
in vessel 1. Fig. 13 shows the agreement between the theoretical and observed values and, as 
with the.experiments conducted on the separate acids, the behaviour of the succinic acid was 
extremely similar to that calculable, whereas that of the oxalic acid was less so. 

Although the effluent acids were not collected and analysed, the analyses of the samples 
taken can be used to show that the succinic-oxalic acid mixture emerging from vessel 1 comprised 
63°S%, of the former acid, whereas that issuing from vessel 2 contained 27% of this acid. The 
mixture used comprised equal weights of the two acids. 

19- Vessel system. The experience gained with the 2-vessel system suggested the adoption 
of certain features in the 19-vessel system which are described in the Experimental section. 
The apparatus used is illustrated in Fig. 14 where the last three vessels are shown. A mixture 
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of 25 g. each of succinic and oxalic acid (on a water-free basis) was introduced into the central 
vessel; aqueous butanol, and water saturated with butanol, only approximating in ratio to the 
ideal, were passed through the system. The separation of the two acids proceeded as expected. 
Both solutions in each vessel were examined for succinic and oxalic acids at various times and 
Pigs. 15, 16, 17, and 18 give the results obtained. (Great accuracy for individual results is not 
claimed since titrations were carried out on }-ml. samples, of which over 500 were taken.) 
From Pig. 15 it is clear that the concentration of oxalic acid fell rapidly in vessel 10 in the aqueous 

; im vessel 11 it rose rapidly and then fell in such a way that it soon exceeded the concen- 
tration in vessel 10. With vessels further along the system, the concentration of oxalic acid 
rose less and less rapidly, but in each case it ultimately rose, or would have risen, above that in 
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(moutes) 
Concentration of oxalic acid im the phase in vessels &—15 of @ 19-vessel system. Details for vessels 
1—4 and 16-19 omntted clarity. Concentrations 0-004N. of no significance. 


the preceding vessel. This indicated that the oxalic acid was passing towards vessel 19, that 
is, in the direction of the water-flow. With vessels 1—10, the concentration of oxalic acid in 
the aqueous phase rose at first and then declined in such a way that it was always higher in the 
veasel furthest along the system from vessel 1. This accords with expectation. Furthermore, 
Fig. 15 shows that the peak concentrations in vessels 9 and 11, § and 12, and so on (which pairs 
of vessels may be called conjugate), were reached at approximately the same time as had been 
predicted (see p. 1074). 
For a 10-vessel system (see p. 1074) the concentrations in conjugate vessels should be related 

thus: 

Pi = 

Py = 


Po = Prr(/ 


For the concentrations of oxalic acid actually found in all the vessels except the tenth after a 
relatively short time, the value of 4 applicable must have been over 2 and probably approached 
3 in some cases. Ifit is assumed that & = 2-0, ,/p,, should have been approximately 0°83 and 
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observed. Fig. 15 shows that this prediction was substantially realised. 

Concentrations of succinic acid in the aqueous phase in each of the vessels are depicted in 
Fig. 16 and it is clear that the solute is gradually moving towanis vessel 1. Similarly, 
acid in the butanol phase (Fig. 17) is moving towards vessel 19 aad this must necessarily be so 
since, at all times, the distribution of the acid between the two phases in a given vessel must be 
in accordance with the value of & applicable at the concentration concerned. 

Interest, of course, is mainly centred in the manner in which the oxalic acid moves 
aqueous phase and that in which the succinic acid moves in the butanol phase. 
succinic acid are not likely to be so accurate as those obtained for oxalic acid, snce 
differences of two sets of experimental! results, but here again (Fig. 18) it is clear tha 


Fu. 16. 


0-09 


& 


> 
z 


& 


we 
Time (minutes). 
ima. vessels 1—1 prow 


behaved as expected. The oxalic acid moved essentially with the aqueous phase 
by a little succinic acid, and the latter, mixed with oxalic acid, moved with the butanol phase. 

The actual ratio of solvent feed rates was not the ideal, but somewhat lower. The ratio used 
(0°615) favoured the flow of acids towards vessel 1. Consequently the oxalic acid leaving vessel 
19 was rather purer than corresponds to the " ideal "’ ratio while the succinic acid was somewhat 
less pure. 

It has been indicated above (p. 1075) that Craig (J. Biol. Chem., 1944, 155, 519) was able to 
infer the presence of more than one solute by the " kinks” or abrupt changes of slope when change 
of a physical property was plotted against the number of the tubes. The analogous operation 
with our system is to determine the total acidity of samples from all vessels at fixed intervals of 
time, the two phases being examined separately for the reason given on p. 1077. The samples 
were too numerous to be removed simultaneously and the time differences were sometimes 
considerable, so that it has been deemed desirable to take points at 500, 1000, 1500, 2000, 2600, 
3000, and 4000 minutes from the smoothed curves drawn through the experimental data. These 
points are plotted in Fig. 19, the continuous curves referring to solutions in the aqueous phase 
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and the broken lines to solutions in butanol. At 1000 minutes, corresponding to eight passes 
(approximately) in the Craig apparatus, there are no signs of separation of the two solutes, 
insofar as discontinuities in the curves are concerned, but the fact that the two sets of concen- 
trations appropsiate to that time are not, vessel by vessel, proportional to one another, is an 
indication that more than one solute is present. L{ one solute only were present, the ratio of the 
concentration of this solute in the one phase to that in the other, in each vessel, would be equal 
to the distribution coefficient. While this can be variable, there must be some symmetry about 
the curves representing the behaviour of the solute in the two solvents. This symmetry is 
lacking in Pig. 19, even at! = 1000, As the run proceeds, the asymmetry of the curves becomes 
more apparent and by ¢ « 4000, there is a pronounced inflection in the curve relating to the 
aqueous phase. The presence of two solutes is no longer in doubt, and it is clear that the one 
solute is at one end of the system with the second solute at the other. 
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1 —4 end 16—10 omitted for clarity. Concentrations 0-004x. of no significance. 


Finally, in Fig. 20 curves are given depicting the movement of the two acids from the 
system; this should be compared with Figs. 6 and 7. 

The purities of the acids from the ends of the system were 82°, for succinic and 99% for 
oxalic whereas, if the flow rates of the two solvents had been ideal, each would have emerged 
about 95% pure. It is conctuded, therefore, that the 19-vessel system behaved substantially 
in accordance with expectation, because the effect of using solvent flow rates different from the 
ideal should he to lead to the isolation of the one solute less pure and the other more pure than 
in the “ ideal" operation of the apparatus. 

Our experiments show that the theoretical reasoning is sound and there is reason to believe 
that its application to the separation of the components of complex mixtures of solutes is likely 
to be successful. 

EXPERIMENTAL. 


Drstribution Coefhetents of Onaltc and Succinse Acids between Water and Butenol saturaled with 
One Another —The distribution coefficients were determined in the conventional way at 25°, the concea- 
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vessels 15-19 omitted for clarity. Concentrations below IN. of no 


trations of the acids being varied over a moderate range. These experiments were “ static,” i«., after 
vigorous shaking to mix the two phases, ample time was given to itsettling. In continuous counter- 
current studies, settling in the separators is relatively rapid and, if there were a pronounced tendency 
for a solute to be adsorbed positively or negatively at an interface, then with dilute solutions the apparent 
distribution coefficient would differ from that observed in static experiments. The of dispersion 
of the dispersed phase and the dilution of the solutions necessary for this phenomenon to apparent 
are both such as to make the effect lie within the limits of the experimental! error likely to be encountered 
with the apparatus used in the present studies. 


Continuous Counter-Current Distribution of Succinic and Oxalic Avids between Water and Bulanol 
mutually saturated with One Another. 


2-Vessel System.—-Apparatus. The apparatus is illustrated in Fiz. 10. The two mixing vessels, of 
= bottles which, together with the ancilliary separators, 


. This narrow tube took the mixture of | 
i effects and it passed to the middle 
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Suceinic acid (25°0"). Onxalic acid (25-1°). 
Conca. of acid in Conen. of acid in Conca. of acid in Conca, of acid in 
aqueous phase, x. butanol phase, ». 4, aqueous phase, butanol phase, A, 
0-458 0-473 0-068 1-439 0-813 1-770 
0-260 0-275 0-047 0-650 O3s4 1-691 
0-08 26 0-O883 0-935 0-254 
0-0740 00792 0-225 0-122 1-852 
0-0464 0-0497 0-933 0-105 O0455 2314 
0-0251 0-0270 0-930 00644 0-0238 2-706 
Fic, 18. 
cal \ 
¢ 
| NS 
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the mixer with the separator was of ca. 2-mm. bore in order that the passage of t uixt from the 
phases {rom near the middie of the bottle to reduce pf the 
separator, which consisted of a bulbous tube of abou this 
point into 2 layers which proceeded by the exit tw The 
relative heights of the exit tubes are of great importance; that discharging the lighter liquid must be a 
or ’ early experiments liquid 
Gdivered straight from the separetor to the airlift’ without break, bet twas towed thet the small air 
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aqueous phase } ‘ butanol phase in a 19-vessel system at 
tn minutes. The data shown have been taken from smocth curves drawn through all 
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to seize tho was to conse auction (he system, 
which soon went out of balance. Even if the tube carrying the liquid were provided a“ breather 
at the top, the small fluctuations provided by the air current caused erratic operation. 
Pia. 19. 
500 
22 
20 
16 
soo 
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= { NN 
tt 
Number of vesse/ 
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DAs owaltc 
"ike show 
the experimental resuits obtamme Concentrations below are without significance 
The air-lifts used in this series of experiments had quite an appreciable hold-up of liquid (about 10 c.c.) 
but those used in the ywasabout3cc. The 
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through a vessel containing the liquid immersed in the thermostat, into which the mixers 
and separators were also as much as 


speed of entry of the two liquids to a y to 
There wan liet tendency for the 
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in Fig. 11, and the continuous curves are plots of the above two 


into vessel 2, at the rates », « 471 and m = 


in f 
Fig. 12, the continuous and broken lines being the theoretical 


1, butanol vessel 2, at the rates 


values based on considerations given ear’ 


. 13. The theoretical curves are the 
Vessel System. —Deseviption of apperatus. The claborate upparatus (Fig. 14) required for 
ume of a separator and its i 


jet. 

from large reservoirs, and the fine contro! of the 
e ted arms. Between the stopcocks and the flowmeters, 
could be arrested without affecting the setting of the former. 
tm, a fine capillary inverted U-tube providing the resistance 
pressures between the two ends was measured on a mercury 


manometer. 

Each mixing vessel was ’ with two air-lifts, a stirrer, and a separator, that the terminal 
vessels had only one air-lift, each terminal vessel having, however, a tube which the liquid 

made their entry into the system 

Alternative arrangements for separating and raising the liquid phases were rejected for various 
reasons. Of two desi to reduce the n st too ond 
other led to consider emulsification. 

vessels the two solvents so as 
to saturate the air before it reached lifts, and so reduce evaporation. In the larger apparatus this was 
efficient elevation of the liquids. The use of a thermostat for the 10-vessel system was 


capillary tubes surrounded by constant-temperature jackets fed from the thermostat. Before reaching 
the capillary tubes the liquids passed through sintered glass discs of ample dimensions, to remove particles 
which might cause blockages, and were mutually saturated before use 
d to produce emulsions, the 
allow tume for the emulsion to 
formation of stable emulsions 
tages of the to 
each mixer t from start ; 
used having been decided, each 
of the rates. The feeds, 
stirrers, and air-lifts were then started, and after about an hour's running, readings of the solvent 
a output, were taken each 15 minutes. When the rates of input and output for a given 
t were equal, the system was in equilibrium. The feeds only were stopped and about 100 
V was 000 ml. On the assumption | A == 0-935, 
and 
The results are recorded e 
Distrebution of oxalic act 4 was 
fed into vessel | and the butan 1 ml. /hour. 
V was 900 ml. The value of & assumed to apply at the beginning of the run was deduced from equation 
(1) (which becomes p = 363-84(4714 + 561)n. if the appropriate figures are introduced), and the results 
recorded above for the distribut ° 
the results mentioned are plotted 
concentration in the aqueous pha 
The data for this acid are rec 
Distribution of a mixture of oxalic and vessel 1. 
The aqueous phase was fed into vessel o, = 208 
and », 504 ml./hour, V being 000. It was a that 7 ‘ xalic acid) 
bore for the feeds desired appeared to be about 2—3 mm e bulb of the air-lift was made very small 
and the air-jet, which entered the capillary tube to the extent of 7—10 mm., was drawn out sufficiently 
fine to permit the free flow of liquid by t 
The flow of the two liquid phases w 
rates was ensured by stopcocks having 
screw clips were provided so that the fee: 
The flowmeters were of the familiar pat 
path for liquid flow; the difference in 
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would be in very close agreement, since the removal of the large number of samples envisaged would 
necemarily disturb the system to some extent 

aS eee The following method for the removal of samples affords least disturbance to 
the system two air-lifts raising liquid issuing from one mixer were placed ovt of action and about 
3—-4 ml. each of butanol and water (mutually saturated) were introduced into the mixing vessel being 
tampled. This caused ge oy of suitable quantities, and samples were taken immediately from 
the side-arms of the air-li The air-lifts were then brought into operation again. The rationale of 
adding the small quantities of the liquid phases to the system 1s that the removal of a sample leads to 
alteration in feed rates to a number of vessels on cach side of that sampled. Kather than disturb the 
system im an undetermined manner, it was decided that samples removed should be replaced by an 
pap ie equa! volume of solvent and, since introduction of such solvents causes speedy discharge 

an equal volume of the contents of a mixing vessel, the introduction was used as a means of assistance 
in saropling with the minimum of disturbance. The removal! of samples, of course, meant the removal 
of solute from the system; this could not be avoided but the sam: were made as small as possible, it 
being understood that the cumulative effect of many samples would show itself most clearly towards the 
end of « run 

In starting a run with a mixture of oxalic and succinic acids, it was assumed that the distribution 
coefficient of the former between betanol and water was 2 The aim was to use as strong solutions as 
possible in the middle vessel so that the titre of the solutions withdrawn from the end vessels would be 
feasonably accurate. Although this would imply a value of 4 less than 2 in the central vessel at the 
start, it was expected that 4 would not be less than 2 at any time for the remainder of the vessels, because 
the concentration would never be sufficiently high in these vessels (except possibly vessels 9 and 11). 
Now, in accordance with equation (24) the most desirable ratio of feed rates of the two solvents would 
be o/vy = VI1(T x 2) = 0-707, a figure lower than this being more likely to correspond to most efficient 

ation of the solutes. The actual average ratio of feed rates used was 0-615 but there were slight 
variations during the course of the experiment. Initially each vessel carried volumes of solvents in this 
same ratio 

The apparatus was run for 5—6 hours before introduction of the mixture of solutes, in order to 
ensure equilibration of the solvents. 

The mixture of acids was introduced into the system by withdrawing a suitable volume of mixed 
solvents from vewel 10 and dissolving the appropriate weights of succinic acid and crystallised oxalic 
_ acid in some of the mixture, from which the correct volume of water was withdrawn (to allow for the 
water present in the oxalic acid). The mixtare of solvents was warmed to effect dissolution, and the 
solution was then introduced into vessel 10, sufficient of the residual mixture of solvents being used to 
wash in the drainings and just to fill the mixing vessel. When the stirrers, air-lifts, and feeds were 
started, the whole system began to operate smoothly within a few moments and this was taken to be 
time. 

It was expected that there would be a fairly rapid fall in concentration in the central vessel and that 
acids would - oases into the two adjacent vessels quite soon, but that the passage of the acids along the 
system would then be rather slow because of the closeness of the values of A. At the beginning of the 
run, therefore, samples were taken at relatively close intervals from vessels near the middle of the 
apparatus and then, as the run proceeded, the intervals were extended and more and more vessels were 
sampled. At the start, minutes were of importance, but later, ¢.g., after 3000 minutes, 10-hourly intervals 
were not excessive and the exact moment of sampling was of no consequence 

Slight trouble with emulsions was encountered. It occurred first in veasel 6 and was attributed to 
something removed from the rubber bungs by the butanol, since it passed along the system towards 
vessel |. In vessels carrying high concentrations of acids, no emulsions were encountered , judicious use 
of small quantities of »-HC oT selboved all emulsions, in a few seconds. The emulsions were confined to 
the termina! vessels after a few hours, and with vessel | it was :ound that 0-2 ml. was ample to remove 
the emulsion for a considerable time. At the other end of the system 1 ml. of acid was used, and samples 
from this and the adjacent vessels were tested for Cl’; if Cl’ was present, the hydrochloric acid was 
determined and taken into account The titre of hydrochiccie acid never exceeded 0-0003n. and, in 
general, throughout the system CY was not detectable 

The solutions leaving the two ends of the systeru were suitably treated for recovery of butanol and 
concentration of the solates. The butanolic phase was steam-<distillied and the aqueous residue concen- 
trated at reduced pressure. The aqueous phase leaving the 19-vessel system was concentrated at 
reduced pressure he recovered butanol was re-circulated through the apparatus. Reservoirs of 
5-1. capacity were sufficiently large to feed the counter-current extraction system, solvents which had 
passed through being worked up when approximating to 2! 

25 G. of each (anhydrous) acid were used in the experiment described. The volume of a mixer and 
its ancilliary equipment was nearly 900 mi. and the feed rates of the two solvents were 157-7 ml. /hour 
(aqueous phase) and 256-6 ml. /hour (butanol phase), 
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222. Interaction between Polynitro-compounds and Aromatic Hydro- 
carbons and Bases. Part X. Picric Acid and Alkylated Benzene 
Derivatives in Chloroform Solution. 


By H. D. Anperson and D, Li. 


Using the method of Moore, Shepherd, and Goodall (/., 1931, 1447), we have compared the 
stabilities of the products of interaction of picric acid in chloroform solution with a series of 
monoalkylated derivatives of benzene (#- from to #-amylbenzene, branched- 
chain alkylation to isopropyl, sec.-butyl tert.-batyl). ytical requirements 
necessary to achieve an accuracy of 2—4% in athe equilibrium ssoname involved an accurate 
determination of the ition of picric acid between water and chloroform. The results 

brium (“ 


In the present communication we record the results of a study of the interaction of picric acid 
in chloroform solution with benzene and a number of its alkyl derivatives. We have compared 
the stabilities of the products of interaction as nuclear methylation is increased from toluene 
to durene and as the methyl group in toluene is extended by n-alkylation to »-amylbenzene and 
by branched-chain alkylation to isopropyl-, sec.-butyl-, and tert.-butyl-benzene. 

We have made the basis of our comparative stabilities the equilibrium constant K = 
Ceompter/(Cryarocarton * Cpterte ecit) and this we have determined by the method of Moore, 
of picric acid between a solvent (chloroform) and water when an aromatic substance, 
immiscible in water, is added to the solvent. 

Interaction between picric acid and the added substance in the chloroform layer will 
withdraw picric acid from the aqueous layer and lead to an enhanced concentration in the 
chloroform; at the same time, replacement of chloroform molecularly by the added substance 
will lower the amount of picric acid in chloroform by a solubility depression effect (Rothmund, 
Z. physihal. Chem., 1910, 69, 523; Moore, Shepherd, and Goodall, loc. cit.). The overall effect 
measured, from which the stability constant K is to be derived, is thus a difference between 
two smal] quantities, one of which we require to know in order to calculate a stability constant ; 
the other, the solubility-depression effect, we obtain by determining the effect on the picric 
acid distribution by the addition of substances such as hexane, which would not be expected 
to interact with picric acid, to the chloroform layer. 

We will now obtain a relation between the various parameters involved. Consider a 
distribution of picric acid between water and chloroform, in the latter of which the concentration 
(in g.-mols. /1.) is P. Let the addition of an aromatic substance, soluble only in the chloroform, 
depress the concentration of picric acid to y by the amount (P — y). At the same time let 
the concentration in the chloroform be increased to y, by the amount (y, — P) owing to 
interaction between the aromatic substance and picric acid. On the assumption that the two 
opposite effects are arithmetically additive, then Y, the experimentally found picric acid 
concentration in the chloroform, is 


Now let us define a solubility-depression constant as 

where Z is the number of g.-mols. of aromatic substance in a litre of the chloroform layer and 
where the concentration of picric acid is initially P; & is thus the lowering of solubility due to 
“ salting out ” per unit concentrations of picric acid and added substance. 

From (ii) we get 

y = + AZ) = Pl — 

Substituting this value for y in (i), we get 


¥,-P=Y—y= Y — P + PhZ (neglecting powers of 4Z) 


s-alkyl chain length; this is related to a “ packing effect."" The branching of the chain 
shows a progressive and presumably steric effect. 


and 


Introducing the value of y, — P from (iii) we have 


where Y — P is the observed or overall change in picric acid concentration in the chloroform 
layer for the addition to it of Z g.-mols. of aromatic substance. If interaction and “ salting 
out “ are small, i«., if Z is taken as not differing significantly from the concentration of free 
hydrocarbon in solution, then KP is small compared with unity and we have 


where K, «= (Y — P)/PZ and has the form of an “ apparent ™ stability constant. This is the 
parameter that is measured directly. To obtain KX, the “ true" stability constant,* we must 
ascertain A, the solubility-depression constant; this we have done, as explained above, by 
finding KX, in circumstances (addition of aliphatic hydrocarbon) where K in (vi) is zero or at 
any rate neglibible compared with K, and’. As will be seen below, 4 increases with molecular 
volume and is closely proportional! to it. 

This suggests that the solubility-depression effect may be mainly a molecular volume effect. 
If this is so, it is easy to show that & «= 4,V/1000, where V is molecular volume of hydrocarbon 
in 10 ¢.c. of solvent and &, is a proportionality factor. We find the value 4, = 38 for the three 
non-aromatic substances examined (see below) and have used this value in equation (vi) in 
computing the stability constant K. 


EXPERIMENTAL. 


In addition to P, Y, and Z, as defined above, we define X as the concentration in g.-mols. /1. of picric 
acid in the a ge solution in equilibrium with chloroform solution. 

Analytical Methods and Apparatus.—The stability constant A depends upon Y — P, which is 
obtained from the difference between two analyses of aqueous layers in equilibrium with the chloroform 
solution to whch Y and P refer. The fundamental requirement of any analytical method is therefore 
an accurate determination of the particular ratios of picric acid between chloroform and water over the 
significant ranges of concentration. Such determinations were made by Moore, Shepherd, and Goodall 
(lee. eit.), who claimed an accuracy of 1 : 400, and if no error was introduced in reading off P from their 

aph from a measurement of X, their maximum error in Y — P would be the sum of the errors in 

and X, and since Y — P is very small, they could only measure the smaller stability constants with an 
accuracy of | : 5, though the accuracy of the larger ones reached 5%. As, however, we were concerned 
with changes io stabilities produced by progressive structural changes in aromatic substances, we required 
to rame the accuracy as high as posuble 

In order to be able to derive all our stability constants K with an accuracy of 24%, it is necessary 
to be able to determine picric acid in the aqueous and chloroform layers correctly to 1: 1000. 
The analytical method employed was based on hly purified picric acid as standard, analyses being 
made by thiosulphate titration of iodine liberated from potassium iodide and iodate. It was 
found possible to reach end-points with an accuracy of better than 1: 1000. The real difficulties lay in 
measuring the titration solutions and the solution to be titrated to an equal degree of accuracy. 
were overcome by taking stringent precautions to eliminate loss of chloroform by evaporation by the 
use of a specially designed weight-pipette that delivered through a very fine point under pressure, and 
by the use of a mercury-sealed a atus in which chloroform and aqueous solution could be brought 
to equilibrium, removed, and added without exposure to the air. The equilibrium apparatus was kept 
in a thermostat at 18° 5 O01 

Materials.--Pierve acid. This was crystallised three times and had m. p. 122-5" (corr.). With this 
specimen as standard, “ AnalaK "’ potassium iodide and iodate were bo-63%, and 99-83% pure, 
respectively 

Chloroform. “ Pure chloroform for anesthesia“ was repurified by Lowry'’s method (Weissberger 
and Proskaver, “ Organic Solvents’). It was stored in black bottles and tested with a solution of 
starch, potassium jocdide, and iodate before use. No coloration was ever observed. 

Hensene. Thrice frozen-out “ AnalaK benzene, b. p. 80-0°/765 mm., was the substance from 
which most of the alkylbenzenes were prepared 

Athylbenzenes and aliphatic hydrocarbons. These were prepared by standard methods. 


* It ts realised that values for K cannot be absolute values unless interaction between picric acid 
and chieroform can be taken into account. It is not at present possible to do this. 
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¥,- P 
whence, since (y, — P) is small : 
| 
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We are indebted to Professor Sir Robert Robinson and Dr. L. E. Sutton for pure specimens of 
tert.-butylbenzene, cyclohexane, and carbon tetrachloride. 


. Temp. 18°. 
of concentration 0-03704 g.-mol./1000 g.) ; 


Average density, 1-4963 ¢./ml. ening Hence concentration of picric acid in 
chiorolorss layer = 1-0738 x 0.03704 x 0-05952 g.-mol. 
Concentration of picric acid in water layer: three titrations gave : 


of water g./ml. 1.0062 1-0061 
Wt. of Na,S,0, soltn. /Wt. of H,O layer 09296 06-9284 0.9204 


verage density, 10061 ¢./ml. A . Hence concentration of picric acid in water 
ayer {0061 — 0-00463 ¢. 


Fis. 1. 


log(conen. of picric acid water 


-1-480 


= 


‘concen. of pieric acid chloroform at 18°, g -mei /t) 


“1550 


Fig. 1 shows { the logarithms of the concentrations in Table I, giving a straight line of 


log Comey 1-736 log Cuyo + 13124 
Solubility -dep tant.—E. . Hexane at 18": 
Concentration of = g.-mol. /1000 g. 
Concentration of hexane in chloroform layer, Z = 0-342 g.-mol. /1. 


graphical interpolation ER of picric acid in 
chloroform is 0-02832 g.-mol. 


The solubulity-depreanon constant 4 ~ — 


4a 


, 
Results. 
; Partition Ratio of Picric Acid between Chloroform and Water at 18°.—Specimen data for one 
i determination are given, followed in Table I by the complete set of distribution ratios. ‘ 
layer (by direct weight-titration 
with thiost three titrations gave 
Taste I. 
Partiti ficient for picric acid t 
water and chloroform at 18°. 
1 
g.-mol. 
5962 3463 
5593 3339 
4012 Some 
4493 2035 
4421 2911 
4366 2890 
4262 2848 
4176 2813 
4165 2808 
4055 2766 
3918 2713 
2631 
3562 2565 
3125 2381 
2605 2189 
Slope 1-736 
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Values of & and &, (i.4., 1000 A/e) for three hydrocarbons at 18° are given in the following table. 


ay. 
38 
O51 30 
O40 37 
Stabeisty C omstants Benzene at 18". 
Concentration of thiosulphate = 0-03600 g.-mol. /1000 ¢. 
Concentration of benzene in chloroform layer, Z « 0-2197 g.-mol. /1. 
Concentration of picric acid three titrations gave 
Density of chloroform la 14817 1-4820 
Wt. of Na,S,0, soltn. 0-4697 0-4701 0-4705 


Average density, 1-4819 g. /ml. 60-4701. Concentration of picric acid in chloroform 
layer, Y 14819 64701 x 603609 — 0-02578 ¢.-mol./1. 
Concentration of picric acid in water layer; three titrations gave : 


of wakes layer 05688, 05684 0-56692 
density, 100461 g./ml. Average ratio, 60-5688. Hence concentration of picric acid in 
water layer 
X = 10041 x 0-5688 x 0-03699 — 0-02113 g.-mol./L 


From graphical interpolation of Table I, the corresponding concentration, P, of picric acid in pure 
chloroform is 0-02528 ¢.-mol. /l., whence apparent stability constant, 
Y—P 


bility-depression constant, 4, is calculated from the molecular volume at 18° : 
at g./ml, molecular volume, V 78/0-681 88-7 mil./g.-mol, and 

3-8 x 88-7/1000 = 0-337. Therefore the stability constant, K = K, + & = 0-000 + 0-337 — 0-43. 
Fac collected Tabto IL where = daprenion constant. calculated from 
~ V = molecular volume; K, stability constant; K 


0-12 
O11 
0-12 
0-12 


........... 
tert.-Butylbenzene _.. 

Amylbenzene 

Durene 
Hexamethylbenzene 


tie 


Interaction between polar and polarisable molecules has been discussed by Briegleb 
Zwischenmolektlare Krifte und molekiilar Struktur,” Stuttgart, 1937). Using a semi- 
empirical calculation for the polarisabilities of certain aromatic hydrocarbons, he was able to 
show that for intermolecular distances of ca. 3°0 a., heats of interaction could be computed in 
satisfactory agreement with values obtained by other methods. Subsequent evidence from 
crystallographic studies (Huse and Powell, /., 1943, 435) shows that in the case of the typical 
solid picrate of tri-iodoaniline, intermolecular distances are indeed of the order 3:0 a. 

Briegleb's electrostatic interpretation of the type of molecular interaction that gives rise to 
the phenomena studied by us, by Moore, Shepherd, and Goodall, and by others (locc. cit.) and 
which in extreme cases leads to the setting up of stoicheiometrically controlled solid structures 
such as the “ picrates of aromatic hydrocarbons, is certainly incomplete. In the first place, 
interaction is seldom between inducing and induced dipoles only; electrostatic attraction 
between permanent dipoles must also be taken into account. In this connection it must be 
recognised that a molecule which has no overal! dipole moment may nevertheless be capable of 


Taste Il. 
Hydrocarbon. K,. K. K, (Moore et ai.). 
-- 88-7 +009 O43 0-08 
O40 106 +011 0-51 0-09 
Ethylbenzene 046 i22 O45 
wPropyibenzene O63 139 0-60 
isoPropylbenzene O53 1390 —O1T 
O45 118 +O18 0-63 
q 122 +O18 0-60 
Oat 123 +014 0-61 
q emtylene O88 139 +015 0-68 
Bu tylbenzene O-58 —O23 0-35 
171 ~0-23 0-42 | 
0-59 155 +0-42 101 
Discussion. 
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localised induction by individual polar substituents which “ cancel out ” in the molecule as a 
whole. The same considerations will of course apply to electrostatic interaction between loca! 
dipoles in each of two molecular species, which are each overall non-polar. 

j molecule (in our case picric acid) with a 
separate the two effects 


mainly to increasing 

shown between the stability constants and the molecular 
polarisabilities M (based on refractive indices for the D line of sodium; Landolt-Bérnstein) 
the series benzene, toluene, m-xylene, mesitylene, as follows : 


K. M. 


26-18 
31-06 
35-74 
40-61 
in stability 


The following further points of interest emerge from the results collected in Table II - aoe 
alternation in stability as the substituent »-alky! chains lengthen, (ii) the effect of 


is put forward (Joc. cit.) that when the termina! groups are on the same side some form of 


mentioned above. Nevertheless, the permanent polarity conferred upon a molecule by the 
Fro. 2. 
o7 
[ 
2 os -20°% 
3 
“068660 
introduction of a methyl group is known to be small, and in considering the variation in our 
stability constants as we pass from toluene to hexamethylbenzene, we are probably justified in 
Hydrocarbon. SK/CH, 8M/CH,. 
o-Methylation, however, produces a larger increase which is not proportional 
to the increase in polarisability or to the number of methyl groups, and which suggests that 
effects other than polarisability are operative : 
Hydrocarbon. K. M. SK/CH, 48M/CH,. 
0-63 35-74 0-19 6-13 
substituent. The alternating effect is strongly reminiscent of the well-known alternation of 
the stabilities of the crystal structures of the normal fatty acids as indicated by their melting 
points, which are also shown in Fig. 2. The effect in the acid series is held (Piper, /., 1920, 234) 
to be due to the fact that in the crystal lattices the alky! groups are in the form of long, straight 
but zig-zag chains. This form of packing implies that the terminal groups should be on the 
same side for odd numbers of carbon atoms and on opposite sides for even numbers. The view 
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interaction renders the packing less stable than when they are on opposite sides. Now the 

and comparable with latent heats of fusion of organic substances. It is therefore perhaps not 
unreasonable to expect that packing effects even in the liquid state might be detectable; we 
believe that such effects are revealed in our stability constants, which are measures of free- 
energy changes, for the n-alkylbenzenes and picric acid. 


Fis. 3 


-4 
an 


a 
T 


Lia 
ad 


Me 


C0000 


We also make the tentative suggestion that the marked drop in stability after »-propy!- 
benzene may be related to the fact that beyond this point in the series the alkyl chain becomes 
longer than the benzene nucleus. 

(ii) Fig. 3 shows how, after the initial increase in stability due to one methyl group, the 
stabilities of the picric complexes fall progressively through ethyl, isopropy! to isobutyl and 
tert.-butyl. The fall is nearly linear, though the slight alternations may be due to a secondary 
packing effect superimposed on the general steric effect due to the increasing bulk of the 
substituent. It will be noticed in Fig. 3 that the m. p.s of the corresponding fatty acids again 
follow the same trend as the stability constants, except in the case of trimethylacetic acid. 


Dysox Peramrs Laporarony, Oxroap Unrversrry. ‘Received, November 3rd, 1949.) 


Stability constant of 


=m. The Electrolytic Dissociation of Lanthanum Ferricyanide in 
Mixed Solvents. 


By J. C. James. 


Conductivity measurements are reported for dilute aqueous solutions of lanthanum 
ferricyanide in binary mixtures of water with dioxan, acetone, ethylene glycol, and ethanol at 
25°. Dissociation constants have been derived, and it is shown that, for the water-rich 
mixtures studied, the variation of dissociation constant with the dielectric constant of the 
medium can be accounted for satisfactorily on electrostatic grounds. 


Tae individual deviations of electrolytes from the simple Debye-Hiickel and Onsager 
equations have in many cases been accounted for satisfactorily by the assumption of incomplete 
dissociation. For a number of salts an adequate explanation is given by the purely electro- 
static Bjerrum theory of ion-pair formation; with other salts this treatment gives distances of 
closest approach of the ions which are considerably less than the corresponding sums of the 
crystallographic radii, and it is probable that the dissociation is not completely determined by 
Coulomb forces. The study of variation of dissociation constant with dielectric constant in 


at 
| 
02 
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mixed solvents should provide additional information as to the nature of such association, 
and may possibly afford a means of distinguishing between the electrostatic and other factors 
involved. As very few measurements of this nature are available, an investigation has now 
been made of the dissociation of lanthanum ferricyanide in aqueous dioxan, acetone, ethylene 
glycol, and ethanol solutions. Lanthanum ferricyanide was chosen as a suitable salt for 
examination, as it has been shown to behave as a comparatively weak electrolyte in water 
(Davies and James, Proc. Roy. Soc., 1948, A, 196, 116), and the dissociation constant can be 
determined with considerable accuracy by a conductivity method. 


Materials.—\ : 4-Dioxan (" purissimus 
densities from those of Hovorka (ibid., p. 2264) and of Geddes (sbid., 1933, 55, 4532), and 
from those of Owen and Waters (ibid., 1 , €0, 2371) and of Geddes (loc. eit.). 
potassium . dried 


Dielectric aqueous 
932, 64, 4132), and densities and 
viscosities from Critical 


ables. 
ier | mm. re, head and tail 
1931, 58, 2115). Dielectric constants for aqueous were obtained from "s data 


eit), densities frm Ka ht, Masi, and Roesel's (/. Amer. Chem. Soc., 1046, 68, 661), 
Dunstan's 905, 87, 


redistilled over aluminium ethoxide (Hartley, /., 1930, 2492). Dielectric constants for aqueous ethanol 
btained from Akerlof's data . ott.), and densities and viscosities from International 


ivity measurements were made at 25° with the apparatus and technique 
described by ‘Davies U. 7, 432). Appropriate quantities of conductivity water and of the organic 
solvent were weighed ties the conductivity cell, and the resistance determined. Small additions of 
lanthanum ferricyanide stock solution, in mixed solvent of the same composition, were then made from 
a weight burette, and the resistance measured after each addition. All concentrations were determined 
by weight, and volume concentrations were calculated from the densities of the mixed solvents, it being 


The results are given 
in Table 


Discussion, 


Davies and James (Joc. cit.) have shown that in dilute aqueous solution, lanthanum ferri- 
cyanide behaves as a comparatively weak electrolyte, and a value K = 1°82 x 10°* has been 
derived for its dissociation constant, on the assumption that the limiting Debye-Hiickel and 
Onsager equations are obeyed. A similar treatment has now been applied to the results for this 
salt in mixed solvents. For each series of measurements, the limiting conductivity A, has 
been determined by the method given by Davies (J., 1933, 645) for incompletely dissociated 
electrolytes; the limitations of such methods have been carefully analysed by Kilpatrick 
(J. Chem. Physics, 1940, 8, 306), and it would appear that, with electrolytes not weaker than 
K=<=1 x 10°, only slight errors are liable to occur. In water this extrapolation method gives 
a value for A, in good agreement with that obtained independently from the sum of the 
lanthanum and ferricyanide ionic mobilities (Monk, in the press). Thermodynamic dissociation 
constants, have been calculated for individual points, are given in Table I, with the mean 
dissociation constants for each series of measurements in a given mixed solvent. Values of 
A, and Agy are also given, and it may be seen that although A, varies considerably with 
change in solvent composition (e.g., in water A, = 168-9, and in 42°47% w/w glycol, A, « 57-0) 
no significant variation in A,y occurs. Such conformity with Walden’s rule 1s an indication 
that the effective radii of the solute ions remain almost unchanged. Solvation appears 
to be predominantly with water molecules, the extent of hydration being almost 
of the absolute concentration of water. This was perhaps to be expected, for in the 
solvent mixtures studied the molar fraction of water (>80 mols. %) was always much greater 
than that of the other component of the mixture, and also the tendency for water to form 
solvated cations is considerably stronger than that of ketones, alcohols, and ethers. Connell, 
Hamilton, and Butler (Proc. Roy. Soc., 1934, A, 157, 418) have studied the conductivities 


tical Tables. 
The solvents used were stored under ry. 
Lanthanum ferricyanide, LaFe(CN),, 5H, 
loc. tt.) 
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of lithium chloride and potassium iodide in water-ethanol mixtures, and find that no solvation 
of the ions by alcoho! molecules occurs until about 20 mols. %, of alcohol is reached. 


Taste I. 
Conductivities of lanthanum ferncyamide solutions in mixed solvents. 
is given in g -equive fitre.) 
Dioxsan-water mixtures. 
967% (w/w) Dioxan. | (w/w) Dioxaa. 
Ay 138-0, = 1900, = 1-54; 
mean K = 7-63 mean K = 3-93 x 
exile... 26491 463205 6560 478 | 21762 50956 717-3913 10-275 14-438 
Kx le 766 769 7 7 7-63 (3-65) 3-04 3-04 341 
18-08% (w/w) Dioxan. 
D = 624, Ag 1264, = 1-66; A, = 110-0, 
mean K 266 x 1 mean K 1-193 x 1 
26888 56-1516 7.1708 10-066 «16-5674 | 26664 70334 12463 151% 19-350 


58-29 47000 «6 3797 2334 86233506 «62189 
Kx 2-53 2-67 2-68 2-58 2-56 12000 180 


9.00% (w/w) Acetone. 17 Acetone. 
D = 73-6, Ag 131-6, 142; = 1-35; 
mean K = 1262 x I mean K = 7-20 x ’ 
ex 15749 «7083 70618 98870) 144902 28818 47229 86070 

A. 100-68 0056 «8217 «1554 69-86 7324 S72 
1246 i246) 7-18 7-26 7-20 7-20 
23-57%, (w/w) Acetone 27- D = 0845, Ay Acetone. 
D = 609, Ay = 1084, = 1:96; 102-0, 1-36; 
mean K 445 1 
12617 27880 40466 72372 §5601| 20504 64200 76875 96806 
Kx 445 . 447 445 2-09 2-99 2-99 
(w/w) Acetone. 
75, A= 100-0, Agy 136; 
mean K 2-160 x 
exile... 21864 44353 53-0244 803935 89-9342 
Kx ie 2161 2168 3-150 


Glycol-water mixtures. 


py w/w) 32-26%, (w 
mean K =~ 697 x 1 


20037 84-4193 1802) M1217 11-145 21822 42806 7-3199 90628 11-193 
61-23 52-21 4662 «84302 41:74 43606 630470 44S 80-79 
947 978 974 9-67 7-06 702 699 6% 


500 x = 3-69 x 

333030 73-4270 11-427 «14062 21-502 4 6609 99166 13-784 18-463 

2-220 «626064060 00-97 25-39 23:12 256 1869 17-18 

5-023 5-01 500 405 | 364 3-72 371 3-70 3-68 


Lthanol- water 


14-11% (w/w) Ethanol. | 10-00% (w/w) E 
D Ag 103-40, Agy 1-57; D 1-52; 
mean A 7:26 x mean K = 5-04 x 
1.3024 26411 63381 61564 83700) 26040 40131 S8110 72550 8-931) 
. 6664 57-650 48-73 4092 4247 458 3823 35-09 
728 7-29 7-26 7-22 5-04 5-05 5-05 5-07 5-02 


A cetome water mintares. 
: e x 10... 
A 

Kx 

ex oe 

K x 16 

ex le 

Exile 
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From Bijerrum's theory of ion association Danske Vidensh. Selshab., 


00 


where is defined by the integral Q0) = in which y = 


b = |z,2,Je°/aDkT and a is the distance of closest approach of the fons. Values of 
1933, 55, 1019). Insertion into the eq of the value K = 1°92 x 10° for aqueous 


(for pet chloride). 


lanthanum ferricyanide at 25° (Davies and James, loc. cit.) gives a = 7°20 A. 

the mean ionic diameter being assumed to remain unchanged, values of K have now been 
calculated for various values of the dielectric constant D, and are represented graphically by 
the smooth curves in Fig. 1. points are seen to be in good agreement with these 
curves, the observed decrease in K with decrease in D tending to be slightly greater than the 
calculated. It appears therefore that in the mixed solvents studied, the variation of K with D 
can be accounted for on the assumption that Bjerrum ion-pairs formed by stably hydrated 
lanthanum ions with ferricyanide ions are present, the extent of hydration showing little 
variation with the water concentration. It has been shown (Davies and James, Joc. cit.) that 


Pio. 1. 
Variation of dissociation constant with 
dielectric constant for lanthanum ferrs- 
cyanide tm mined solvents. 
| 
ao ~~ Pro. 2. 
is Js 
Rs 9 
A 30 0 
On 
\ 
3s \ 
as 4 
Di ormic dioxan—water mixteres. 
The broken curves have been calculated from 
Results for acetone, giycol and ethanol- 
1,2 ond Spit 
the variation of K with temperature over the range 18-——30° may also be explained on this 
assumption. Very few measurements for other salts are available for comparison. Fuoss and 
Kraus (loc. cit.) have shown that ion-pair formation occurs with tetraisoamylammonium nitrate 
in dioxan—-water mixtures containing less than about 55% (w/w) of water, the experimentally 
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observed variation of K with D being in excellent agreement with that predicted by the Bjerrum 
equation. 

Lead chloride bas been studied in glycol-water mixtures by Norman and Garrett (/. Amer. 
Chem. Soc., 1947, 68, 110), and log K values calculated from these measurements (James, ibid., 
1949, 71, 3243) are plotted in Pig. 2, together with values derived from the Bjerrum equation, 
K being taken as 0-025 for the intermediate ion PbCI* in water. The observed decrease in A 
with decrease in D is far smaller than this treatment predicts, although, as Walden’s rule is 
obeyed (water, Agn ~ 130; 100% glycol, Agy = 1°34), there is no reason to suppose any 
marked variation in the effective ionic radii. Also, the a value of 1°85 a. derived for aqueous 
solutions is impossibly smal] by comparison with the sum of the crystallographic radii, which is 
2754. for PoCI* (Pauling, “ Nature of the Chemical Bond,” Chap. X). The Bjerram 
treatment assumes that ion association is determined purely by Coulomb forces, and its 
inadequacy in this case indicates that covalent forces are involved in the formation of the 
PbCl* ion. The ultra-violet absorption spectra of aqueous solutions have been stated to 
support this view (Fromherz and Kun-Hou Lih, Z. physikal. Chem., 1931, A, 158, 321). 

For silver nitrate, dissociation constants in a number of different solvents are available ; 
values of K, a, and Agy are given in Table II. Although there is a general tendency for K to 


Taste Il. 
The di t and a parameter of silver nitrate in various solvents. 


Solvent. 1 K. cm Reference. 
Water Robinson and Davies, /., 1937, 574 
Acetonitrile 1 Fuoss and Kraus, lec. cv 
Methanol Davies, “ The Conductivities of Solu- 


Benzonitrile 

Ammonia ( 33") Puoss and Kraus, joc. ci. 

Pyridine . Burgess and Kraus, /. Amer. Chem. 
Soe., 1948, 70, 707. 


(The dissociation constants given above refer to 25° unless otherwise stated.) 


decrease with decreasing dielectric constant, other factors are also operative; thus the dielectric 
constant of ethanol is less than that of benzonitrile, but silver nitrate ionises to a greater extent 
in ethanol than in benzonitrile. Wide variations in Agy and 4 occur, indicating changes in the 
extent of ionic solvation. 

The data for organic acids in mixed solvents cannot be treated satisfactorily on the basis 
of simple electrostatic theory. For instance, although formic acid in water has a dissociation 
constant of 1772 x 10°, almost identical with that for lanthanum ferricyanide, Harned and 
Done’s measurements (J. Amer. Chem. Soc., 1941, 63, 2579) for formic acid in mixed solvents 
indicate that the dissociation constant in 20% dioxan is of the order of 100 times greater than 
the value predicted by the Bjerrum equation (Fig. 2). With weak acids, the binding of ions to 
form undissociated molecules involves covalent linkage; also, Braude and Stern (/., 1948, 
1976) have shown that the state of solvation of hydrogen ions varies markedly with solvent 
composition in dioxan-water mixtures. Bjerrum's equation cannot therefore be expected to 
be valid in these circumstances. 

It would thus appear that variation of K with D is influenced by changes in the extent of 
solvation of the solute ions, and also by the nature of the linkage involved in the dissociation 
process, Where, however, ion-pairs are formed from large spherically symmetrical ions, or 
large and stably solvated ions, as with tetraisoamylammonium nitrate and with lanthanum 
ferricyanide, variation of A with D is accounted for satisfactorily by the purely electrostatic 
Hjerram treatment. 


Barrersta Potyrecunic, Loxpon, $.W.11. 
Tue University, Gtascow, W 2. (Received, November 17th, 1949.) 
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paper, Carson and Skinner (J., 1949, 936) reported a preliminary value for the 
heat of hydrolysis of acety! fluoride, but made no claim for high accuracy of their value, as the 
sampies of acetyl fluoride used contained acetyl chloride, and rather large corrections were 
necessary in order to allow for its thermal effects. We have 


in acetic anhydride (Callowa . Amer. Chem. hate), 
obtained 'g. of acetyl chloride this exceeds the 
inted out by y, indicates that the acetic anhydride itself takes part 
pre was diated off eahly antimony trifluoride, and 


sodium hydroxide solution was measured in the calorimeter described by Pritchard and Skinner (/., 

q . ments were carried out at 16°, by breaking the acetyl fluoride ampoules mto a 
large excess (750 c.c.) of 0-2n-sodium hydroxide, and following the t 7 oes Oe 
change in resistance of a thermistor element. The results are summarised in the 1 . Initial and 


Heat of hydrolysis of acetyl fluoride. 


final values of the thermistor resistance and Ry, 
the purely aqueous hydrolysis 


CHyCOF(liq,) + H,O(liq.) CH,-CO,H(1000) + HF(1000) 


latter are based on assumed values for the heats of formation of aqueous solutions of sodium hydroxide 
and fluoride, given by Bichowsky and Rossini (“‘ Thermochemistry of Chemical Substances,"’ Reinhold, 
1936), and on heat of formation data for acetic acid solutions given in the Tables of Selected Values of 
Thermodynamic Properties (Bureau of Standards, Washington, 1048-1949). The final value for 
(CHyCOF liq.) = 110-65 kcals.mole agrees well with the preliminary value given by Carson and 
ner, viz., 110-6 keals.; the limits of error a je errors in the assumed thermochemical 
data) we would estimate at less than +-} kcal. mole bining the value for Q)(CH,COP, liq.) with 
the latent heat of vaporization (Ame. = 62 keals.; Selected Values of Chemical Thermodynamic 
I), one obtaine as) 104-4 kcals. mole". 

corresponds to tion of the on and Skinner, loc. cit.) of 
D(CH,CO-F) = 1 + $D(F,) kcais., DiF,) is energy of molecular fluorine. 


a One of us (H. O. P.) thanks the Department of Scientific and Industrial Research for a mairtenance 


University of Mancuester. (Received, December 22nd, 1049.) 
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as 43-24 kcals.mole™, which leads to a value for the heat of formation at room temperature of 
110-65 keals. mole“. 

pure acety! fluoride, and now record more reliable values for the heat of hydrolysis and heat of 

formation of this substance. 
EXPERIMENTAL. 
aituordie 

A yield of 

theoretical 

im the reac 

was then f 

traces of hydrogen fluoride, and finally purified by fractional! distillation ¢ pure product was stored 

in a batches in sealed glass ampoules 
Heat of Reaction with Sodiwm Hydroxide Solution.—-The heat of reaction of acety! fluoride with 

CH,yCOP Ry Que Oj(CHyCOP, liq.) 
Expt. (ohms). (ohms). (keal.). (kcal... 
1 1-1987 2059-7 1974-8 43-21 13-39 110-68 
2 12548 2047-7 1959-3 43-28 13-46 110-61 
3 1.0725 2040-2 1964-8 43-20 13-38 110-69 
4 1-0120 1906-5 1840-2 43-26 1344 110-63 
Mean 43-24 13-42 110-65 
and the 
Derived heats of 
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225. Amidines. Part XIV. Preparation of 2-Substituted 4*-Oxazolines 
and 4: 5-Dihydro-| : 3-Ozazines from Hydroxyalkylamines and N- 
Substituted Amidines or Ketoxime Sulphonates. 

By P. Oxtey and W. F. 


be prepared from N-substituted amidinium salts 
yeth ylamines. 
2-p-methylsulphoay!- 


Mernovs for the synthesis of A*oxazolines (4: 5-dihydro-oxazoles) have recently been 
teviewed by Wiley and Bennett (Chem. Reviews, 1949, 44, 449) and follow the usual! pattern 
for the formation of heterocyclic compounds. As a sequel to the investigation of the action of 
alkylenediamines on N-substituted amidinium salts and on ketoxime sulphonates (Part XIII; 


go8 1960, 859), we examined the action of 2-hydroxyethylamine on these compounds and found 
that it leads to new syntheses of A*-oxazolines. 


The reaction between an N-substituted amidinium salt and 2-hydroxyethylamine occurs at 
100-140" and may yield a free 2-substituted 4*-oxazoline or its salt, depending on the relative 
strength of the bases produced. We suggest that the reaction may be formulated as follows, 
the formation of cyclic intermediates being postulated because 4 : 5-dihydroglyoxalines are 
not formed simultaneously. 


YXNH 4 + YXN-CR:NH-CH,-CH,-OH 


Alternative routes involving the production of ethers of the type 


may also play some part in the reaction. 

A number of 2-substituted A*-oxazolines has been prepared from N-substituted amidinium 
salts and 2-hydroxyethylamine, and 2-p-methylsulphonylphenyl-4 : 4-dimethyl-\*-oxazoline was 
obtained in 79% yield from N-ethyl-p-methylsulphonylbenzamidinium toluene-p-sulphonate 
and 2-aminowobuty! alcohol. 3-Hydroxypropylamine and N-pheny! 
amidinium chloride similarly gave a 24% yield of 2-p-methylsulphonyiphenyl-4 : 

1: B-owarine. 

Benzophenone oxime ben Iphonate and 2-hydroxyethylamine in boiling benzene 
afforded 2-pheny!-A*-oxazoline (56%, (23%), and aniline. In 
conformity with the reaction mechanisms discussed in Parts VI (/., 1947, 497) and XIII (loc. 
eu.), the formation of these products may be represented as follows : 


yi-4 &dihydro-I S-oxazine. 
| 
| 
| 
} Pr&o, 
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EXPEeRIMENTAL.* 
2- "oxazoline. — ylacetamidinium chloride (1-26 
amine (1-40 g., 3-3 mols.) were heated for stat 
water and extracted with benzene giving a brown oil (0-5 ) which afforded bs. 10%). 
m. p. 132-5—133° on with alocbelie acti. Elfeldt (Ber. 1801. 


2- Phenyl-A*-oxaroline —(1) From NNN’ -trimethylbenzamidine. 
(1-62 g.) and 2-bydroxyethylammonium tole iphonate (2-33 ¢., 10 mol.) on the 
steam- for 30 minutes, methylamines being evolved. ears 


mixed with 2m-lithium picrate, preci was collected sad (decomp | 
from acetone, giving 2-phenyl- “Sh prrate 21%), m. p. and mixed m. p. 178° 
The 2-hydroryeth ryethylammontum 

p-sulph tn at equivalent of i tsopropanol. are from hydrated 
by azeotropic distillation with + and the was recrystallised from this solvent. After being 
mm. the salt (yield, 86 had p (Found N, 62. ,O,NS requires N, 


GH, 
A solution of the oxime eer (LS g) and hydroxy. 


3 minates. product was shaken with water, and the residue obtained by the tee fr 

3-7 g.. 665 at 77 x : N, 
_ mm pam, =. 


m. on crystallisation from 

M ethylsulphony. thyk hony lb benzene 
2-hydroxyethylamine (3 g., wore heated on the steam bath for hours, 

product with water wos from acetone, giving 2- 

(Found: N, 12-3. C,,H,, 


dimethyl-\*-oxasole (2 70%). m. p. 102° Pound N, 5-5. HONS . 


{ and mola) were bented on the seam bath 
and after 3 hours the homogeneous mixture was cooled, diluted with water (10 c.c.), and extracted with 


chloroform. The oil obtained from the chloroform solution was mixed with isepropanalic. p picric acid 
and the precipitate was crystallised several times from methanol, 2-3’: 4’-dimethorypheny!- 
57%). m. p. 185-5" (Found: N, 13-0. H requires N, 12-8 


2 : O-dibydro-l 3-oxasine,—The mixtare by heating 


yisulpb chloride (3-1 g.) and (1-6 g., 2 mols.) at 
minutes was crystallised from 50% methanol fying colourless needles (0-81 
searing, m. p. 131-5" (Found : 55-4; H, 60. 


c 59%). The from methanol 
Reszarcn Lamoratorres, Messrs. Boors Co. Lrp. 


(Received, December 23rd, 1949.) 


226. Polynuclear Complexes of Lanthanon Sulphates. 
By R. C. Vickery. 


The soluble imteraction of lanthanon alkali sulphates with ammonium 
sentation te rare-earth fractionation studied. It is shown 


demonstrated by Beck (Helv. Chim. Acta, 1946, 28, 357; 
complexes 


; apply 
this work to the heavy lanthanons. Marsh (/., 1950, 577) found that fractionation of the 
hexa-antipyrine lanthanon iodides presents a means of rapid separation of the heavy earths, 


* See also B.P. 615,006/1946. 


NOTTINGHAM. 
crystallisation is not thus applicable . fluorescence test _ neodymium is described 
<cipitated them by gradually imcreasing the pH. A good separation of lanthanum was claimed 
preciy P 
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in particular lutecium, and ascribes this to a large difference in complex formation, rather than 
to a difference in solubility. It thus appears that fractionation is based on the crystallisation 
of the compounds which form more strongly bound complexes. These are the more weakly 
basic and give slightly the less soluble complexes. Marsh's work is however based on the 
suggestion of Freed (J. Amer. Chem. Soc., 1931, 58, 3906) that non-solvated ions would permit 
better fractionation than occurs with solvated ions. In spite of the apparent confirmation of 
Freed's hypothesis it is nevertheless of interest further to consider the use of solvated complexes. 

Urbain (Bull. Soc. chim., 1896, [iii], 15, 338, 347) showed that lanthanon alkali sulphates 
dissolve in ammonium acetate solution and we hoped that the usefulness of the double-sulphate 
fractionation might be enhanced by fractional! crystallisation or decomposition of the complex 
salt thus formed. There appears to have been no previous work on these complexes of the rare 
earths; Britton and his co-workers (/., 1926, 203; 1931, 2831; 1932, 183; 1933, 5) studied 
electrometrically some rare-earth acetate and tartrate systems, but their work had no application 
to the lanthanon double sulphate aceto-complexes. 

Organic hydroxy-acid complexes of tervalent metals are generally of the inner complex type 
strict division between inner complex, and double or triple salt formation. Ryabchikov and 
Terent'eva (Ievest. Ahad, Nauk. S.S.S.R., Otdel Khim. Nauk., 1949, 44) took as criteria of complex 
formation the absence of precipitation by fluoride, chromate, hydroxyl, and ferrocyanide, in 
this order of decreasing effectiveness, and found, inter alia, that with ammonium acetate, 
lanthanon nitrates give not very stable complexes of the form (Ln,OAc)(NO,),.#H,O. On this 
basis it might be considered that the dissolution of lanthanon alkali sulphates in ammonium 
acetate might be due to the formation of similar sulphate complexes. 

The double sulphate acetato-complexes can be obtained either by direct dissolution of the 
lanthanon alkali sulphate in ammonium acetate solution or by suspending the double sulphate 
im acetic acid and adding ammonia. The solution thus obtained is extremely unstable, being 
decomposed by all the ions suggested as reagents by the Russian workers, and by alcohols, 
ketones, and acids. Precipitation of the sulphate by barium chloride is immediate and complete, 
whilst precipitation of the lanthanons by oxalate although finally complete is not immediate— 
these reactions appear to indicate that the lanthanon is enclosed in an inner, weak shell of the 
complex, whilst the SO,~ is in the outer shell. These considerations are in conformity with 
the Russian work. 

Crystallisation of the complex from the aqueous solution is not easy owing to the presence 
in the solution of sodium sulphate and excess of ammonium acetate, as well as to the tendency 
of the solutions to become supersaturated. Attempts were made to prepare the complex 
without the presence of excess of ammonium acetate, by employing an excess of the double 
sulphate which was filtered off before crystallisation. This technique was, however, not effective 
as an excess of acetate over that required for formation of the complex appears to be required in 
solution. 

When finally isolated, the complex formed hexagonal prisms of the composition: Ln,O,, 
39°1; SO”, 37:3; NH,*, 68; CH,-CO,, 22°09; equivalent to Ln{Ln(OAc),(NH,),)(SO,),, which 
requires Ln,O,, 386; SO, 375; NH, 70; CHyCO,, 23°1%. 

The 6-co-ordination of the lanthanons is well shown in this compound, and its stability 
apparently depends on maintenance of both ammonium and acetate ions in the inner shell; 
displacement of the acetate ion by addition of a mineral acid decomposes the complex, with 
re-formation of lanthanon sulphate and consequent precipitation of the double alkali sulphate. 
If the pure complex is employed for this decomposition, the precipitate is that of the lanthanon 
ammonium sulphate; if however the initial solution of double alkali sulphate is decomposed, 
the appropriate lanthanon alkali sulphate is obtained without ammonium sulphate. 

The hydration of the complex shows great variation—2, 5, 9, 11, and 16 moles of water 
have been found under various conditions. The analyses of the complex given above have 
therefore been related to the anhydrous compound, 

In attempts to crystallise a mixed lanthanon complex, little differentiation is obtained. 
The more basic lanthanons do not so readily retain the complex structure and rapidly revert to 
double sulphates which contaminate the complex crystals. Further, neodymium salts tend to 
be deposited as basic tetra-acetate on prolonged crystallisation, and this too contaminates 
the product. The lanthanons thus cannot be effectively separated by fractional crystallisation 
of this complex. For the preparation of the characteristic compound, samarium is best used : 
it is neither too basic for ready decomposition nor is its atomic number so high that precipitation 
as double alkali sulphate is prevented. 


{ 
q 
i 
7 
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(450 g.) was 
water (351). This quantity of ammonium 


pre required a certain 
precipitation became more immediate, 


340 


Na,SO,, 


7 16 ea. 10 


bd 
3 
4 
5 
6 
7 
0 


These absorptiometrically determined figures cannot be assumed to be within 12%, but they show 

the of fractionation. 

iometric analysis was carried out with the usual ‘ Spekker 
and If 604 filters with a lamp. During these analyses a 
noted with Nd**-containing or solutions: these exhibited a remarkably intense sky-blue 
fluorescence under light from a mercury lamp. The other lanthanons not to interfere with, 
or mask, this fluorescence which can serve as a qualitative test for neodymium, down to about 5 mg. in 
10 ml. of solution, or the ap te concentration in crystals. 

The rapid decomposition removal of the lanthanum-containing from the is only 
to be expected in view of the highly basic character of this element. The in N content of 
the final oxides was undoubtedly caused by presence of a samarium concentrate: attempts to extract 
the samarium from this fraction by the method of Clifford and Beachell (/. Amer. Chem. Soc., 1948, 70, 
2730) were not successful, but Marsh's sodium amalgam method yielded 0-75 g. of a pure white oxide. 

Further runs, with constant-boiling hydrochloric acid instead of sulphuric acid, gave similar results. 
O,. With a concentration of 
oxides greater than 10%, removal of lanthanum was poor and the war gre oP 
The optimum concentration would appear to be quite low—about 10—20 g 
the work hitherto carried out the concentration has only once been begun at this level and then 
exceptionally good and clean fractionation was obtained. At any concentration and with either acid, 
cerium whether in traces or substantia] quantities was found to spread throughout the series. 

Fractiona! crystallisation was attempted with a solution of 75 g. of double sulphate in a concentrated 


t 
! 
As pointed out above, decomposition of the complex is easily accomplished by the addition 
of mineral acids. It is not possible, even empirically, to calculate the equivalent of acid 
Tequired for the decomposition of the complex but any desired number of fractions can be obtained 
by varying the quantity of acid added. By this means good separation of lanthanum is 
i obtained from the light carths, as well as a reasonable separation of neodymium and 
praseodymium. 
EXPERIMENTAL. 
used had the composition Ln,O,. 
ythe,S0,,31,0, and the La,O, was of the 
‘Sm,0,, ete., 3%. 
la solution of ammonium acetate (1350 g.) in 
minimum requirement found both by use 
2¢ SOlld Salt and Dy its preparation t» sifu from acetic acid and ammonia solution. This solution, 
heated to 80° with mechanical stirring, was fractionally decomposed by the addition of sulphuric acid- 
water (1:1). Initially, 10-ml ——< were added to effect decomposition and precipitation, 
ay minutes before removal of the precipitate. Towards the end of the 
tion, however, it was necessary gradually to increase the volume of acid added to give a constant 
amount of precipitate. This might possibly be due to the formation of complexes of the lanthanon ’ 
ammoniam ees these, being somewhat more soluble than the sodium salts, might be ae 
to require a higher acid concentration for decomposition. In spite of the attempts to attain equil: 7 
in the system by digestion, it was very difficult to keep the quantity of precipitate the same. Initially, 
— before it became evident, but with later 
though, as indicated above, addition of more acid 
quantity of acid added, the 
etical decomposition of ammonium acetate, uantity of precipitate. 
Analyans of tnbial, intermatiate end Sach tonstions were 
Fraction. %- %. H,O, %- 
2 44:5 43-8 2-5 
445 43-1 52 
20 39-1 45-9 21 
The composition of the oxides was determined absorptiometric 
Frac- Pr Frac- 
tion. G. tion. 
10-5 - 12 
10 13 7 -- 
35 50 81 16 cat 
26-5 34 6 86160 15 
10 
oxalate ppt. 


from water, and deh (Found : SmyOw 
requires Sm,O,, 42-6; 


a basic salt to have been formed. 


1, Srnutes Roav, Brocxisy, Lowpon, $.E.4. (Received, January 10th, 1950.) 


227. The Chemistry of Simple Heterocyclic Systems. Part V. A Com- 
parative Study of Some 4-Substituted Cinnolines, Quinazolines, and 
Quinolines. 

By J. R. Kewevorp, J. S. Morey, J. C. E. Sospsom, and P. H. Wricur. 


An account is given of the reactions undergone by derivatives of cinnoline, 
and quinoline containing a series of identical substituents attached to Cy. i in 
reactivity between compounds of each heterocyclic type are considered in relation to ther 
as acids or bases. It is shown that there is substantial qualitative agreement 
between the observed order of reactivity of able « is of each 


and the predicted order 
Higgins and Coulson (/., 1949, 971). 


F P heterocyclic type 
the electron-density calculations of Longuet- 


Tue possibility of providing a theoretical background to the chemistry of a group of related 
heterocyclic ring-systems by a comparative study of their reactions has hitherto largely escaped 
attention. In the present communication some aspects of this subject are considered for 
the related ring-systems named in the title. We considered that an initial survey should be as 
broadly based as possible and have therefore examined, semi-quantitatively, the behaviour of 
a wide range of 4-substituted derivatives of each of these heterocyclic types, so as to ascertain 
either the approximate conditions required to produce a given result or the fate of the compounds 
under roughly identical conditions. These studies have been supplemented by determinations 
of dissociation constants (Keneford, Morley, Simpson, and Wright, /., 1949, 1356) and of the 
ultra-violet absorption spectra of appropriate compounds; the spectra were determined by 
Professor R. A. Morton, whose co-operation it is a pleasure to acknowledge, and his results will 
be published later. 

Another reason for our study was that recently there has been increasing recognition of the 
importance of basic (or acidic) strength, hydrogen bonding, and tautomeric and resonance 
phenomena in general as factors which may influence the activity of drugs in various fields of 
chemotherapy (cf., «g., Albert and his collaborators, Brit. J. Exp. Path., 1942, 28, 69; 1945, 
26, 160; Bell and Roblin, J. Amer. Chem. Soc., 1942, 64, 2905; Kumler and Daniels, ibid., 
1943, 65, 2190 (antibacterial agents); Curd, Rose, ef al., J., 1946, 343 and later papers 
(antimalarials); Walls, J. Soc. Chem. Ind., 1947, 66, 182 and earlier papers (bovine 
trypanosomiasis); Welch ef al., Science, 1947, 105, 486 (filariasis)}. Simple 4-substituted 
derivatives of the three ring-systems were chosen because the importance of substitution at 
position 4 (amongst others) for the development of chemotherapeutic activity in the quinoline 
molecule is already well established (Iensch, Angew. Chem., 1937, 50, 891; Wiselogle, ‘* Survey 
of Antimalarial Drugs,” 1941-1945), and chemotherapeutic activity has also been 
demonstrated for certain 4-substituted derivatives of cinnoline (Keneford and Simpson, 
J., 1947, 917; Keneford, Lourie, Morley, Simpson, Williamson, and Wright, Nature, 1948, 
161, 603) and of quinazoline (Chapman, Gibson, and Mann, /., 1947, 890). 

We have been able to reach definite conclusions on the relative reactivity of comparable 
compounds in each heterocyclic series. It is of interest that these conclusions agree qualitatively 
with those immediately deducible from the electron-density calculations for quinoline, 


1104 Keneford, Morley, Simpson, and Wright : 
Attempts to prepare the individual complexes also met with difficulties. Pure lanthanum sodium a 
sulphate was too basic to eater readily into solution in ammonium acetate, and the tervalent cerium 
salt likwise was difficult to incorporate into a complex, the quadrivalent salt was too unstable to handle ; ; 
neodymium gave rise to many basic salts, but praseodymiam and samarium gave pe we Mee 
readily and could be separated from excess of ammonium acetate by crystallisation from water 3 
the praseodymium solutions showed a tendency to hydrolysis. Samarium solutions are normally stable y 
tos ae a week, after which hydrolysis slow —— 
he samarium was ory 
SO, 2037 NH, 21-6%). 
plates were obtained, and analysis 
The prismatic crystals decompose when washed with alcohol and can be dried only over magnesium k 
perchlorate. Desiccation over sulphuric acid ee Attempts i 
were made to define hydrate compositions, but even under controlled conditions variations were | 
obtained although the ratios of lanthanon, sulphate, acetate, and ammcnia remained constant. ‘ 
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quinazoline, and cinnoline recently published by Longuet-Higgins and Coulson (j., 1949, 971). 
These matters are discussed after the following description of the reactions which we have 
examined. 

Reactions of 4-Hydroxy-compounds.—{a) Acetylation. 4-Hydroxycinnolines are usually 
readily acetylated by boiling acetic anhydride (J., 1945, 512; 1046, 1035; 1047, 232; 1048, 
354, 1170, 1702; this paper). 4-Hydroxycinnoline-3-carboxylic acid thus gives 4-acetoxy- 
cinnoline (J., 1945, 512), but with added pyridine undergoes a complex reaction (/., 1946, 472). 
8-Nitro-4-hydroxy- and 4-hydroxy-8-methyl-cinnolines are not acetylated by acetic anhydride 
U., 1947, 237; 1048, 354, 1702). 4-Hydroxyquinazoline and its 6- and 7-nitro- (J., 1048, 
360) and 2-methy! derivatives (Bogert and Gotthelf, J. Amer. Chem. Soc., 1900, 22, 522) do not 
react with boiling acetic anhydride, and 4: 7-dihydroxy-2-methylquinazoline gives only a 
monoacety! derivative (Bogert, Amend, and Chambers, idsd., 1910, 32, 1297). Some 4-hydroxy- 
quinolines do not react under these conditions [ethyl 4-hydroxyquinoline-3-carboxylate 
U., 1946, 1035), its 2-pheny! derivative (Niementowski, Ber., 1905, 38, 2044), and 4-hydroxy- 
and 6-nitro-4-hydroxy-quinoline (this paper)}. 2: 4-Dibydroxyquinoline and its nitration 
products give only monoacety! derivatives (Ashley, Perkin, and Robinson, J., 1930, 382). On 
the other hand, 4-hydroxy-2-phenylquinoline (John and Wiinsche, J. prakt. Chem., 1928, 119, 
43), 8-nitro-4-hydroxyquinoline (this paper), and ethyl 4-hydroxy-6-methoxyquinoline-3- 
carboxylate (/., 1946, 1035) are acetylated but slowly. 

(b) Methylation. From 4-hydroxyquinazoline (Knape, J. prakt. Chem., 1891, 48, 209) and 
its 6- and 7-nitro-derivatives (Morley and Simpson, /., 1948, 360) methy! sulphate or iodide in 
alkali furnishes the corresponding 3-methyl-4-quinazolines as the sole isolable products. In 
the 4-hydroxyquinoline series N-methylation also occurs under these conditions,* as shown by 
the results obtained for the parent compound and for 6-nitro-4-hydroxyquinoline (Simpson 
and Wright, /., 1948, 1707). 4-Hydroxy- and 6-chloro-4-hydroxy-cinnoline react similarly 
(J., 1945, 512; 1947, 1653), but 6-nitro-4-hydroxy- and 6-nitro-4-hydroxy-3-methyl-cinnoline 
give mixtures of the corresponding 1-methylcinnolones and the methyl nitronates (I; R « H 
and Me) (j., 1045, 512; this paper). 5S(or 7)-Nitro-4-hydroxy-8-methylcinnoline, conversion 
of which into a methy! nitronate is not formally possible, gives only a single product, presumably 
5(or 7)-mitro-1 : 8-dimethyl-4-cinnolone (as 11), with methyl! sulphate and alkali. 


NHR 
qs.) Me (IIL) 
Reactions of —(a) Acetylation. -quinazolines, and 
-quinolines are readily converted into 4-acetamido-derivatives in boiling avila anhydride (J., 


1948, 358, 360, 1707; 1949, 1354; this paper). 

(b) Hydrolysis. The results of treating a number of 4-amino- and 4-dialkylaminoalkyl- 
amino-cinnolines, -quinolines, and -quinazolines with boiling aqueous hydrochloric acid are 
summarised in Table I. The cinnoline derivatives are recovered unchanged (4-acetamido- 
cinnoline yields 4-aminocinnoline). The same is true of the three quinoline derivatives tested, 
and this result is in accord with the statement (Baker, Dobson, and Riegel, ]. Amer. Chem. Soc., 
1947, 69, 704) that concentrated sulphuric acid at 200° converts 7-chloro-4-(4’-diethylamino- 


1’-methylbutylamino)quinoline into 7-chloro-4-ami incline, and with .the observation 
(Ramsay, Baldwin, and Tipson, ibid., p. 67) that 4-p-dialkylaminobenzylideneaminoquinolines 
yield the corresponding aldehydes and 4-ami inolines by treatment with 10°, hydrochloric 


acid at 100°. The quinazoline compounds, on the other hand, are hydrolysed more or less 
readily with formation of the corresponding 4-hydroxyquinazolines, and Tomisek and 
Christensen (ibid., although Curd, Landquist, and 
Rose (J., 1947, 776) found that 2-chl 4-alkylami li (Il; Re 
alkylaminoalky!) are “ unexpectedly stable to hydrolysis by acid or alkali ” under conditions 
which were not specified. 

Reactions of 4-Chloro-compounds.—{a) Hydrolysis. From the results, given in Table II, 
of the hydvolysis of few of heterocyclic type, in initially neutral or 
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in acid aqueous solution, it is clear that 4-chh lines and -quinazolines have very labile 
chlorine atoms and that 4-chloroquinolines are decidedly less reactive. 
Tame I. 
Hydrolysis of 4-amino-¢ jimes, -cimnolines, and -quinazolines. 
Result 


Substituents. 
juxing. 
Quinolemes 
hes. 


Cimnolines 
hrs. 
N Bus, 
...... 
7-Ch-4-NH- NEt, 
+-NHAc 
Qwinazolines 
6NO,4-NH, ... 
6-NOy4-NHAc- 
7-NOy4-NHy .. 
1-NO,-4-NHAc- 
NEt, 
Jy NEL, 
her. 


Taste I, 
Hydrolysis of 4-chloro-quinolines, -c 


Conditions of initial hydroxy- 
Substituents. refluxing. materia!. compound, 
Quinolines ; 
... 5~-HC)/4 hrs. + (80%) 
. hers. + (90%) 
4CLO-NOY ... Water /7 brs. 
4-CL-8-NO,- 0-02~-HC1/1 he. + (10%) 
hr. 
Cimnolines 
4: weve Water I hr. 
0-02n-HC1/1 hr 
NO, Water /20 mins. 
4-C]-8-NO, 7-Me ‘ ‘ br. 
‘ 2 hrs 
4-CL-Sior 7). NO,-8-Me Water/i hr + (50%) 
Water /3 brs 
0-02~-HCl/1 hr 


Quamasolimes 
. Water/) hr. 
4-C1-6-NO, Water 
4-C1-7-NO,- Water, 

* None isolated; this compound however is much more soluble than other hydroxy-compounds 
studied, and small amounts would probably escape detection 


- + 


(b) Formation of 4-anilino-derivatives. By condensing 4-chloro-derivatives with aniline in 
weakly acid aqueous acetone, 4-anilino-compounds of each heterocyclic type may be prepared 
rapidly and in good yield (/., 1948, 354, 360, 1702, 1707; 1949, 1014; this paper). 


! 
i 
4 
i 
initial hydroxy- 
material. compound. 
+ om 
i= 4-NH, - 
+ 
i + (30%) + (70%) 
+ + 
+ (26%) + (75%) 
Result 
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(c) Formation of 4-ph -derivats Compounds of the cinnoline series are prepared by 
interaction of 4-chlorocinnolines at 96° with phenol containing either !—2 equivalents of 
potassium hydroxide or (for Bz-nitro-compounds) an excess of powdered ammonium carbonate 
(J., 1947, 227, 917; 1948, 354, 358, 1702). 4-Chloro-6-methoxycinnoline and some 8-substituted 

4-chlorocinnolines are comparatively resistant, but these react readily with phenol and 
potassium hydroxide at 150°. Of 4-ph li only the parent compound and its 
6- and 7-nitro-analogues have been prepared ; “these are readily obtained by either of the methods 
mentioned above, but considerable amounts of the 4-amino-compounds are also produced when 
ammonium carbonate is used (/., 1948, 360; 1949, 1354). 4-Phenoxyquinolines are likewise 
obtained from the 4-chloro-compounds and phenol in presence of potassium hydroxide (/., 1948, 
1707; this paper). 

(d) Formation of 4-methoxy-derivatives. 4-Chloro-quinolines, -cinnolines, and -quinazolines 
yield the corresponding 4-methoxy-derivatives when treated with methanolic sodium methoxide 
under appropriate conditions (J., 1945, 512; 1947, 1653; 1948, 360, 1707; this paper). 

Reactions of 4-Phenoxy-compounds.—{a) Hydrolysis. The results of a number of hydrolyses 
of 4-phenoxy-cinnolines, -quinazolines, and -quinolines are set out in Table III. 


Ill. 


+ 
+ 

0-02~-HCI/1 br we + 

ONO he. trace + 
Quinazolines 

0-02n-HCI/1 hr. - + 
4 

(b) Formation of 4-amino pounds. The conversion of 4-phenoxy- into 4-amino- 


derivatives by fusion with ammonium acetate is applicable to all three heterocyclic types, and 
in general gives good yields (J., 1948, 358, 360, 1702, 1707; 1949, 1354). 


Discussion. 


In the following sections are given the conclusions reached on the basis of the results outlined 
above and in other papers. Where it has been possible to do so, comparisons are made between 
our experimental findings and predictions arising from the electron-densities calculated by 
Longuet-Higgins and Coulson (/., 1949, 971) for quinoline, quinazoline, and cinnoline, the 
figures for which are reproduced in formule (IV), (V), and (VI). 


(Y 0-363 \ 


(i) Basic centres of cinnoline and quinazoline derivatives. As shown in (V1), the basic centre 


of cinnoline is probably N,,,. Experimental proof of this is lacking (/., 1949, 1354), but it has 
48 


Hydrolysis of 4-phenoxy-quinolines, -cimmolines, and -quinazolines. 
Result : 
+ 
Cimnolines 
4OPh- ..... Water /2 hrs 
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been shown that N,,, is the basic centre in 4-methyl- and 4-amino-cinnolines (/., 1947, 806, 
1653). Similarly, the expression (V) suggests that N,,, may be the basic centre of quinazoline, 
but that the similarity of charge between N,,, and N,, would make the balance delicate and 
liable to disturbance by substituents. Experiment shows that quaternary salt formation 
involves N,,, in quinazoline (Ber., 1904, 87, 3643), and N,,, in certain 4~phenoxy- and 4-acetamido- 
quinazolines (/., 1948, 360; 1949, 1354). 4 

(ii) Basic strengths of cimnolines, quinazolines, and quinolines, Inspection of (IV), (V), and 
(VI) shows that the predicted order of basic strength is quinoline > quinazoline > cinnoline. 
This is likewise the observed order of basic strength,* both for the unsubstituted bases and also 
for 4-hydroxy-, 4-chloro-, 4-phenoxy-, and 4-methoxy-derivatives of the three ring-systems 
U., 1949, 1356), Correspondingly, the observed order of strengths as acids for the three 
4-hydroxy -compounds is cinnoline > quinasoline > quinoline. 

(ili) Mobility of hydrogen im 4-hydroxy pound. It has been stated above (s) that 
4-hydroxycinnolines, but not 4-hydroxyquinolines or 4-hydroxyqui are in 
(6) that, among 6-nitro-4-hydroxy compounds of each type, only the 


derivable, formally speaking, from 6-nitro-4-hydroxy-quinolines and -quinazolines) ; 
(c) that 4-hydroxycinnoline is a stronger acid than the quinazoline or the quinoline analogue. 
These observations are mutually consistent and indicate that, of the three heterocyclic types, 
the 4-hydroxycinnolines have the most mobile replaceable hydrogen atom. 

(iv) Anomalous behaviour of S-substituted cinnolines and quinolines. The properties of 
4-hydroxy-, 4-chloro-, and 4-amino-cinnolines carrying an additional substituent at C,,, are 
seen to be anomalous in light of the general reaction outlined above. Thus, 8-substituted 
4-bydroxy-compounds resist acetylation, and the yields of 4-chloro-8-nitro-7-methyl- and 
4-chloro-S(or 7)-nitro-8-methyl-cinnoline from the hydroxy-compounds are greatly reduced if 
reaction is prolonged for more than a few minutes (/., 1948, 1702). When treated with phenol 
and ammonium carbonate, 4-chloro-8-nitrocinnoline gives ¢ mainly the amino-compound, 
4-chloro-8-methyleinnoline is only partly phenoxylated (under these conditions 4-chloro- 
cinnoline gives 85% of 4-phenoxycinnoline), and 4-chloro-S(or 7)-nitro-8-methylcinnoline is 
largely unchanged (/., 1948, 1702). The last-named compound does not yield a 4-methoxy- 
derivative under standard conditions, being either unchanged or converted into the hydroxy- 
cinnoline. 4-Chloro-8-nitro-7-methylcinnoline is unexpectedly stable towards acid hydrolysis 
(Table LI), and reacts incompletely with aniline and with phenol under standard conditions 
(J., 1048, 1702), These anomalies are, in general, the failure or incompleteness of a reaction 
which proceeds readily in the absence of an 8-substituent (NO, or Me).¢ 

A comparison of the acetylation of 4-hydroxy-, 6-nitro-, and 8-nitro-4-hydroxy-cinnoline 
with that of the corresponding quinoline derivatives shows that an §&-nitro-group exerts 
opposite effects in the two ring-systems, the reaction being inhibited and facilitated, respectively, 
by the substituent. Similarly, data in Tables II and III suggest that an 8-nitro-group facilitates 
the acid hydrolysis of 4-chloro- and 4-phenoxy-quinolines, and Gouley et al. (J. Amer. Chem. Soc., 
1947, 69, 303) state that “ apparently the relative rate of (acid) hydrolysis of 4-chloro-8-nitro- 
quinoline is at least twice that of the 4-chloro-5-nitro-isomer.” Again, the yields of phenoxy- 
a obtained at 95° from 4-chloro-6-nitro- and 4-chloro-8-nitro-quinoline are 58 and 

1948, 1707). 

‘The explanation of these differences is at present obscure, but it is interesting that, according 
to Longuet-Higgins and Coulson’s calculations, C,,, carries charges of opposite character in 
cinnoline and quinoline. 

(v) Abnormal behaviour of quinazoline derivatives. (a) In Part IV of this series (J., 1949, 
1356) we pointed out that the normal order of basic strengths of 4-substituted compounds, 


© The values on which this statement is based were determined in 50% alcohol, en K, valves in 
water for the parent bases have been published by Albert, Goldacre, and Phillips (/., 1948, 2240). These 
authors also give data for phthalazine and quinoxaline, the observed order for the ss bases bei 
quinoline > quinazoline > phthalazine > cinnoline > quinoxaline. Quinoxaline is thus a mu 
weaker base than would be expected from the calculations of Longuet-Miggins and Coulson, the 
predicted order being quinoline > quinoxaline > quinazoline > phthalazine > cinnoline. 

t The conditions which produce this result are evidently critical (cf. Schofield and Theobald, 
J, 1940, 2404) 

To the non-acetylation of 8-nitro-4-hydroxycinnoline it was yiously suggested 
U., 1947, 237) that hydrogen-bonding existed between the NO,-group and the hydrogen atom attached 
to Ng) the to be in the cinnolone form). explanation may or may not be 
correct, but clearly cannot apply to the &methy! analogue, which is also resistant (/., 1 1702). 


; 
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namely quinoline > quinazoline > cinnoline, no longer holds for 4-amino- and 4-anilino- 


readily hydrolysed to 4-hydroxyquinazolines in acid solution (data in Table I). 

(c) If N-alkylated derivatives of 4-hydroxy-compounds of each group are treated with hot 
aqueous sodium hydroxide, the quinolones and cinnolones are stable, whereas 1-methyl- and 
3-methy!-4-quinazolones undergo fission of the heterocyclic ring (J., 1948, 360; 1949, 1354). 

No comprehensive explanation of these three sets of observations is yet possible, but they 
are without doubt closely related and may be due to the amidine-like character of some 
quinazoline compounds (j/., 1948, 360; Elderfield, Williamson, Gensler, and Kremer, J. Org. 
Chem., 1947, 12, 405). 

(vi) Acid-catalysed reactions of 4-substituled derivatives. The reactions to be considered 
unde: this heading are the hydrolysis of 4-chloro- and 4-phenoxy- to 4-hydroxy-compounds, 
and the conversion of 4-chloro- into 4-anilino-derivatives. The data in Tables II and III 
indicate that @ given quinoline derivative is less readily hydrolysed than its cinnoline or 
quinazoline analogue, and that a given 4-ph pound is less readily hydrolysed than the 
corresponding 4-chloro-compound. Within these limits it follows (cf. J., 1949, 1356) that a 
given compound is less readily hydrolysed than one of lower basicity. This result accords with 
the view that these reactions are acid-catalysed; for, ex Aypothesi, hydrolysis involves the 
conversion of (VII) into (VIII); this entails a greater measure of electron-release from RK and 


R R 
H 


Cy», with resultant development of cationoid reactivity at C,,, in the case of a weak base than 
it does for a stronger one; and the hydrolysis (entry of hydroxy! ion) is thus proportionately 
facilitated. In the conversion of 4-chloro- into 4-anilino-derivatives (a reaction which has 
previously been shown to be acid-catalysed; cf. J., 1949, 1014), cinnolines, quinazolines, and 
quinolines behave in a seemingly identical manner, evidently because the catalytic stimulus 
of the experimental! conditions is too great to enable differences in reactivity to be discerned. 

(vii) Cationoid reactivity of 4-substituted derivatives. This heading refers to substitutions 
by anionoid reagents which are not catalysed by acids, namely the phenoxylation and 
methoxylation of 4-chloro-compounds, and the conversion of 4-phenoxy- into 4-amino- 
compounds. In these reactions the 4-substituted quinolines, cinnolines, and quinazolines 
(devoid of other substituents) exhibit increasing reactivity in the order named. This may be 
clearly seen from the behaviour of the 4-chloro-compounds on treatment with sodium methoxide 
in methanol and potassium hydroxide in phenol (see Experimental). The reaction between 
the phenoxy-compounds and ammonium acetate at 180-—190° (preparation of 4-amino- 
compounds; data in Table V) is rapid, and under the conditions chosen the differences in 
reactivity are not very great; the sequence quinoline < cinnoline < quinazoline is however 
clearly discernible. Moreover, the facts that 4-aminoquinazolines may be prepared from 
4-chloroquinazolines and aqueous ammonia at room temperature (/., 1948, 360; 1949, 1354), 
whereas 4-chlorocinnoline is unchanged under these conditions, are additional evidence of 
greater cationoid reactivity of the quinazoline type. 

There is substantial qualitative agreement between these results and the behaviour 
predictable from Longuet-Higgins and Coulson’s calculations, which show an increased positive 
charge at C,, in the order quinoline < cinnoline < quinazoline. However, the reactions 
discussed both in this and in the preceding section disclose a greater difference in reactivity 
between the quinoline and the cinnoline than between the cinnoline and the quinazoline types. 
This approximation of reactivity between cinnoline and quinazoline compounds, and the wide 
divergence between quinoline and cinnoline derivatives, are not predictable from Longuet- 
Higgins and Coulson's figures, which at first sight appear to predict the reverse situation; 
but it is possible that the cationoid activity of different heterocylic types falls off very rapidly 
as a certain minimum charge value is approached. 

EXPERIMENTAL. 
(M. p.s are uncorrected.) 


ation. etamidocinnoline.__A solution of 6-nitro-4-aminocinnoline (/., 1948, 358) (3-3 g.) im acetic 
acid (40 c.c.) was added to a stirred solution of stannous chloride (14-8 g.) in concentrated hydrochloric 


(6) 4-Aminoquinazolines differ from their cinnoline and quinoline counterparts in being 
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acid (32 cc.) and water (ll cc.). Reduction was exothermic, and after 10 minutes the solution was 
heated at 56-00" for 20 minutes. Basification of the cold solution precipitated crude 4 6-diamino- 
cinnoline, aod more was obtained by eva the filtrate under reduced pressure (total yield, 80%) ; 
the base formed grey irregular plates, m. p. 260° (decomp.), which darkened on storage. The Aydro- 
chloride ated from dilute hydrochloric acid in orange prismatic needles, m. p. 
(Found: C, 460; H, 666; N, 262. C,H,N,CLPH,O requires C, 45-7; H, 5-08 
the base (1 part) was refluxed with acetic anhydride (9 parts), 4 6 diacet d ‘ (90%, 
ated, it crystallised from hot water as almost colourless fluffy needles, m. p. 272-273" (decomp. 
(Found: C, 54-06; H, 535; N, 21-2. ON, H,O requires C, 4-06; H, 5-4; N, 21-35%) 
The 4-hydroxy-compound (/., 1945, 520) was refluxed for } hour with 
acetic anhydride (4 ). The product which ated on cooling was crystallised from alcohol, 
almost colour needies (90—95%) of =. 150-160" (Found 
53-76, H, 315; N, 128. requires C, 53-0; H, 3-15; N, 12-6%). 

Methylation of 6-Nitro-4-hydrosycimnoline.—_(a) The following conditions are preferred to those 
given by Schofield and Simpson (/., 1045, 512); in particular, owing to an error in transcription, the 
quantity of alkali required is incorrectly stated im the earlier paper. A solution of the hydroxy- 
compoend (10 g.) in the minimum quantity (175 c.c.) of 2% aqueous potassium hydroxide was treated 
with methy! sulphate (5 c.c.), added at 50° with mechanical stir After } hour the solid which had 

ated was collected (74/7 g¢.) and recrystallised from alcohol, yielding the almost pure methyl 
nitronate (59 g.. 55%). m. p. 223-225" (decomp.), raised to 225-—227° (decomp.) by further 
crystallisation. The compound is readily decompc in bot sodium hydroxide solution, but is stable 
towards acid, after being refluxed for | hour with 2n-hydrochioric acid (100 ), 90% of the material 
Se as orange-yellow needles, m. p. 231-232" (decomp.) ( and Simpson give m. p. 
~229") 

The alcoholic mother-liquors were concentrated, and the materia! so obtained was di 
warm ©-Gn-sodium hydroxide (the methy! nitronate being thus converted into aikali-soluble 
decom position ap ts) and finally recrystallised from water, from which 6-nitro-l-methy!-4-cinnolone 
in yellow needles (0-62 g., 48%), m. p. 190-—191" (lit., 183-——183-5"). After being refluxed for 
2 rs in 2n-sodiam bydroxide solution, this com nd, its 3-methyl and 6-nitro- 
P and Wright, /., ibes, 1767) were recovered a . 


i-methyl-4-q 


Taste IV. 


Phenoxylation of 4-chloro-quinazoline, -connoline, and -quinoline. 
Time from start 4+-Chloro- 4-Chioro- 4-Chloro- 
of experiment. cinnoline. quinoline. 


Mixture 
Unchanged 
Mixture 
Mixture 
Almost complete 


Taste V. 
Amination of 4-phenoxy-quinazoline, -cinnoline, and ~quanoline. 


Time from start 4-Phenoxy- 4-Phenoxy 4-Phenoxy- 
of experiment. quinazoline. cinnoline. quinoline. 
4 minates Almost complete Mixture ~ 
” Complete reaction Complete reaction Mixture 
1s -- -- Complete reaction 


(b) 6-Nitro-4-hydroxycinnoline (2 g.) and methyl tol p-sulphonate (2-5 g.) were heated at 150° 
for 2 hours. The product was extracted with hot water (100 ¢.c.), and the solution filtered (charcoal) 
from insoluble material, yielding the crude methyl nitronate [1-05 g.; m. p. 216—217° (decomp )}. 
which after crystallisation from water had m. p. 224—226° (decomp.) alone and mixed with authentic 
material (yield 0-7 g.) (Found: C, 522; H, 35; N, 20-0. Cale. for CJH,O,N,: C, 52-7; H, 3-4; N, 
20-5%) 

Methylation of 6-Nitro-4-hydroxy-3-methyleinnoline.—A solution of the hydroxy-compound (1 g.; 
Keneford and Simpson, /., 1048, 354) in the minimum quantity (21 ¢.c.) of 2% aqueous 
hydroxide was treated as above with methy! sulphate (0-5 c.c.) at 45°. After 10 minutes the solid was 
collected (0-85 g.; m. p. 145-150") and recrystallised from alcohol. Massive yellow matic needles 

m. p. 181-183", of (Found: C, 55-1; H, 43; N, 188 

H,O,N, requires C, 54-8; H, 4-15, N, 102%) first separated, followed by orange flattened needles, 
which, recrystallised from aqueous alcohol, yielded the methy! mitronate (0-15 g-) as orange flakes, m. p. 
161-—-162° (146-—149° when mixed with the preceding compound) (Found: C, 54-0; H, 41; N, 18-6. 
C,,H,O,N, requires C, 545; H, 415; N, 192%). If the amount of alkali is slightly increased the 
yield ‘of methyl nitronate reduced, and from an experiment with of alkali of compound 


q 
i 
Mix 
iw 
210 
330 
Temp 
i7o" 
ime 
j 195 
196 
i 
| 
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was added to a warm suspension of 4-chioro-6-nitro-3-methylicinnoline ( Simpson, 
water (10 c.c.), pure which formed golden 


needles, m. p. 149—1 from methanol, and the 
Ghote acide (Round: C, 54-85; H, #1; 1b. 


19-2 

Methylation Ag -Nitro-4-hydroxy-8-methyicinnoline.—Treatment of a solution of this compound 
(0-4 g.; Keneford, and Simpson, /., 1968, 1702) in a slight excess (10 c.c.) of 2%, aqueous 
By with methyl sulphate (0-3 c.c.) at 50° gave as sole trmed m 

65°) a compound, presumably 5S(or 7)-sitro-1 which 
tic needles, m. p. 257—-258° (decomp.), ueous acetic acid (Found ; 
CypH,O,N, requires C, 548; H, N, 192%). 

8- Nutro-4-acetoryquinoline —8-Nitro-4-hyd tuimatine (200 mg.) was refluxed for 6 hours with 

(Found : 68: 38: 12-4. C,,H,ON, requires 


196-197". 


Rates of Phenoxylation of 4-Chloro-compounds and Rates of Amimation of 4 P’ -compounds —The 
results given in Table IV were obtained from simultaneous experiments in which chloro-compound 
) was heated with phenol (10 g.) containing potassium hydroxide (0-76 g.). Samples from the 
-stirred reaction mixtures were removed at the times stated and were up by basification and 
extraction with ether ; the quinoline erp were identihed by conversion into picrates. For 
com tive purposes, 4-p bt d after reaction for | hour at 125-—130", in 05 
as 2 viscous oil, 157-159°/2-3 mm.; the picrate had m. p. 177-178" (Backeberg 
mt , 1942, 381, give m. p. 179°). The phenoxylaticn of é-chicrocinnoline is complete after | hour 
at 96° 1947, 917). 

The results shown in Table V were likewise obtained by sampling simultaneous experiments in which 
each phenoxy-compound (2 g.) was heated with ammonium acetate (12 g.) which had been previ 
heated to 180° allowed to cool to 170°. On the preparative scale, 4-aminoquinoline was 
in almost quantitative yield, m. p. 153—154° alone and mixed with a sample ed from cinchonintc 
acid [Re w and Friedman, /. Amer. Chem. Soc., 1939, 61, 3320, give m. p. 154-—156" (corr.)). 

In Tables IV and V the temperatures are those of the oil-bath. case of “ complete reaction ” 
was checked by Lea of ¢-Cllon a further sample withdrawn after a suitable interval. 

Methorylation of 4-C o-quimazoline, and line.—(a) When solutions of 4-chloro- 
quinazoline (0-2 g.) in methanol (3 c.c.) and of sodium methoxide (0-14 g.) in methanol (3 c.c.) were 
— heat was evolved and sodium chioride rapidiy separated. After 5 minutes, water was added 

Co qeetns collected by extraction with ether ae of the washed and dried extract gave 
a4 re ine residue (0-16 g.) of 4-methoxyquinazoline, m. p. 33—-35°, which gave no depression on 
admixture with an authentic specimen (m. p. 37-5—38-5°; b. p. 65—66°/0-1 mm.; Bogert and May, 
J. Amer. Chem. Soc., 1909, $1, 507, give m. p. 35°). 

(6) When ¢-chhepecianslins was ecbetionted fer 4 hi inazoline in the above experiment, no heat 
was evolved, and separation of sodium chloride occurred only slowly. After | hour, isolation of the 
product as above gave 4-methoxycinnoline (0-06 g.), m. p. and mixed m. p. 125-126". 

(c) After 4-chloroquinoline (1 g.) had been heated under reflux for 6 hours with a solution of sodium 
methoxide (0-4 g.) in methanol (10 c.c.), little sign of reaction was evident, and 00% of the material was 
recovered as impure 4-chloroquinoline picrate. 4-Methoxyquinoline (1-96 g.) was obtained heating 
a solution of 4-chloroquinoline (2-2 g.) and sodium methoxide (0-8 (35 c.c.) for 3 hours in 
a sealed tube at 140° + 7°. The picrate had m. p. 203-—204° (Backeberg, /., 1933, oa oe Se p- 
203"), ), and the base regenerated from this had b. p. 91—93°/0-] mm. and crystallised on ae 

+ —~4-Chioroquinoline (1-6 g.) was refluxed for bour with aniline 4g.) in 
acetone (5 c.c.) and water (10 cc.) containing concentrated hydrochloric acid (3 eid Removal of 
the acetone, addition of aqueous ammonia, and crystallisation of the ome erm from aqueous 


alcohol gave colourless needies (88%) of 4-anilinoquinoline, -" p. 198° (Ephraim, Ber., 1893, 26, 2227, 
gives m 198") (Found: C, 81-6; H, 56. Cale. for C,,H,.N,: C, 81-8; H, 55%). 
4-Amilimoqguimazoline and 4-Antlsnocinnoline.— under the above conditions, 4-anilino- 
ine (0-61 g. from 6-5 g. of 4-chloroquinazoline) formed colourless prisms, pt 219-6— = 
alcohol (Lange and Sheibley, /. Amer. Chem. Soc., 1931, 58, 3867, give m. 1-222"), 
4-anilinocinnoline (0-7 g. from 0-5 g. of chloro-compound) from in pale 
yellow needles, m. p. 2 237° (Keneford and Simpson, /., 7, 917, give m. p. 220-6—~230-5") 
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228. Polycyclic Aromatic Hydrocarbons. Part XXXVI. Synthesis 
of the Metabolic Oxidation Products of 3: 4-Benzpyrene. 
By J. W. Coox, (Miss) R. S. Lupwiezax, and (Miss) R. Scuoentat. 


8-Hydrosy-3 4-benspyrene (XVII) has been from anthracene by reactions 
which cetablish the strecture of the prod oduct reactions represent a new type of 
synthesis of the 3: 4-benzp ring system. The metdyl ether of the synthetic compound has 
been shown to be identical with one of two meaerenepseaee formed by methylation of 
metabolic oxidation products of 3: 4- second of these methoxybenzpyrenes 
is 10-methony-3 4-bene, yrene which has prepared from the hydrocarbon through 
5-chioro- and Oxidation of &-hydroxy-3 : 4- and 
10-methoay-3 has given 3 4-benzpyrene-5 S8-quinone (11) and 3: 4 
5 : 10-quinone (IT1) respectively; both these quinones are formed by direct oxidation of the 
hydrocarbon. These reactions establish the structures of the quinones and confirm those 
assigned to benapyrene derivatives with substituents at position 10. The two quinones 
have teas farther characterised by conversion into 5:68- and 5 10-dimethory-3 : 4-benz- 
. which have been used to show that the corresponding quinones are present in extracts 
excreta after administration of 3 : 4- -benzpyrene to rodents. 


Wuew 3; 4-benzpyrene (I), a carcinogenic hydrocarbon present in coal tar, is administered 
to rodents, it undergoes transformations which can be followed by changes in fluorescence 
(Peacock, Brit. J. Exp. Path, 1936, 17, 164; Amer. J. Cancer, 1940, 40, 251; Chalmers, 
Biochem. J., 193%, 82, 271; Weigert and Mottram, #id., 1943, 87, 497; Cancer Res., 1946, 
6, 97, 100; Weigert, Nature, 10945, 155, 479). The metabolic products have not been isolated 
in sufficient amount for analysis and complete characterisation. Nevertheless, Chalmers and 
Crowfoot (Biochem. J., 1941, 35, 1270) were able to isolate a minute quantity of crystalline 
fluorescent material, insufficient for full purification but found to be alkali-soluble and to have 
micro-m, p. 190-196". On the assumption that this was a hydroxybenzpyrene, possible 
positions for the hydroxyl group were suggested by X-ray crystallographic measurements. 
Further studies by Berenblum and Schoental, assisted by spectroscopic and crystallographic 
methods (Berenblum and Schoenta!l, Cancer Res., 1943, 8, 145; Berenblum, Crowfoot, Holiday, 
and Schoental, did., p. 151; Berenblum, Schoental, Holiday, and Jope, ibid., 1946, 6, 699), 
provided evidence of the presence, in the excreta of animals into which benzpyrene had been 
of the &- and 10-hydroxy-derivatives of 3: 4-benzpyrene and of the 5: 8- and 

10-quinones. These quinones may arise by oxidation during working-up of the two 
dbs benzpyrenes, which have been found very susceptible to oxidation. In the case of 
the metabolite believed to be 8-hydroxy-3 : 4-benzpyrene the methylation product was isolated 
in crystalline form bat its melting point was not recorded as its degree of purity was uncertain. 
This applied also to the product of reductive methylation of the 5:8-quinone. In order that 
these metabolic hydroxy-derivatives of benzpyrene might be adequately characterised and 
thew identification completed their synthesis was undertaken, and the present communication 
describes this work. The statement made by Williams (‘ Detoxication Mechanisms,” 
London, 1947, p. 54) that 8-bydroxy 3: 4-benzpyrene was prepared synthetically by Berenblum 
and Schoental is a misinterpretation of the work of these authors. 

The evidence adduced by Berenblum, Schoental, ef ai. (Joc. cs.) in support of their conclusion 
that the alkali-soluble metabolites of 3: 4-benzpyrene were the 8- and 10-hydroxy-derivatives 
consisted, in part, of the demonstration that they differed spectroscopically from the known 
5-hydroxy-3 : 4-benzpyrene but could be oxidised to the 5; 8- and 5: 10-quinones, respectively. 
These two quinones were obtained by Vollmann, Becker, Corell, and Streeck (Annalen, 1937, 
631, 51) by chromic acid oxidation of 3: 4-benzpyrene (I) and the structures assigned to the 
red 5: §-quinone (II) and the yellow 5: 10-quinone (IIT) were based on analogy with the 3: 8- 
and 3; 10-pyrenequinones, which are red and yellow, respectively. Moreover, the two 
benzpyrenequinones were each oxidised to the same mesobenzanthrone-3 : 4-dicarboxylic 
anhydride (IV), This evidence from oxidation would seem to show that the two quinones 
have the 5: 8- and the 5; 10-structure but does not distinguish between them, and the evidence 
based on colour is inconclusive. However, the evidence from oxidation is greatly weakened 
by the fact that the red quinone of Vollmann ef aj. must have been heavily contaminated, 
for these authors give m. p. 245° for their 5: 8-quinone whereas we have found that the pure 
quinone has m. p, 284°. 

None of the existing methods of synthesis of 3: 4-benzpyrene seemed adaptable to the 
preparation of the S-hydroxy-derivative, and a new route was therefore devised. 
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9-Anthraldehyde (Fieser and Hartwell, J. Amer. Chem. Soc., 1038, 60, 2555) was 
condensed with malonic acid, and the product decarboxylated to 8-9-anthranylacrylic acid (V) 


essentially as described by Davis and Carmack (j. Org. Chem., 1947, 12, 76). Reduction of 
the unsaturated acid (V) was studied under various conditions which mostly gave mixtures 
from which homogeneous acids were obtained only with difficulty. Sodium amalgam in alkaline 
solution gave a colourless acid, m. p. 152-——154°, which appeared to be §-(9 : 10-dihydro-9- 
anthranyljacrylic acid (V1). When its oily methyl ester was heated with palladium-black it 
was isomerised, and subsequent hydrolysis gave §-9-anthranylpropionic acid, which crystallised 
in yellowish prisms, m. p. 191—-192°. Attempted cyclisation of this acid with anhydrous 
hydrogen fluoride gave a deep-red product, soluble in alkali to give a violet solution, and this 
was also the main product of the action of stannic chloride on the acid chloride of (VI). 
Hydrogenation of the methyl ester of anthranylacrylic acid with Raney nickel gave the methyl 
ester of the §-(9-s-octahydroanthrany!)propionic acid (VII) (Badger, Carruthers, Cook, and 
Schoental, /., 1949, 169). When the acrylic acid (V) was reduced in alkaline solution with 
nickel-aluminium alloy (Papa et al., J. Org. Chem., 1942, 7, 587) it gave an acid, m. p. 143— 
144°5°, which appeared to be 8-(hexahydro-9-anthranyl)propionic acid (probably VIII). This 
acid, on cyclisation with hydrogen fluoride, gave a mixture of ketones from which was isolated 
by chromatography 4 : 5-tetramethyleneperinaphthan-\-one (1X), the orange 4: 5-tetramethylene- 
perinaphthen-\l-one (X) soluble in cold concentrated hydrochloric acid (cf. Cook and Hewett, 
J. 1934, 365), and 1’-keto-9 ; 10-cyclopenteno-s-octahydrophenanthrene which Badger ef ai. 
(loc, cit.) have shown to be formed under these conditions from octahydroanthranylpropionic 
acid (VII). This acid is probably formed as an intermediate by disproportionation of (VIII), 
together with the tetrahydroanthranylpropionic acid which would lead to (LX) and then, by 
dehydrogenation, to (X). 


CHICH-CO,H CH,yCH,CO,H CHyCHyCO,H 
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The method of reduction which eventually proved to be admirably suited to our purpose 
was treatment of the acrylic acid (V) with sodium and boiling amyl alcohol. The principal 
product, readily obtained pure through its sparingly soluble sodium salt, was §-(9; 10-di- 
(XI). This was cyclised by hydrogen fluoride to 3-Aeto- 
1:2: 3: 12-tetrahydr threne (X11), the structure of which was confirmed by its 
oxidation by chromic acid to anthraquinone-I-carboxylic acid. For the introduction of the 
three-carbon chain necessary for the construction of the fifth ring of the molecule the ketone 
(XI) was condensed with ethyl succinate in presence of potassium fert,-butoxide. This 
Stobbe reaction led to the half-ester (XIII), from which the corresponding dicarbosylic acid was 


3 


obtained by hydrolysis. Kiege! and Burr (J. Amer. Chem. Soc., 1948, 70, 1070) showed that 
analogous half-esters are partly decarboxylated and also lactonised by hydrobromic acid in 
boiling acetic acid. However, when our half-ester (XIII) was submitted to this treatment 
decarbethoxylation was accompanied by disproportionation, so that the product was a mixture 
of mesobensanthrene-3-G-propionic acid (XIV) and its tetrahydro-derivative-A (XV). The 
benzanthrene acid (XIV), which had an ultra-violet absorption spectrum very similar to that 
of threne (Fig. 1), was oxidised to mesobenzanthrone-3-S-propiomic acid and then to 
anthraquinone-|-carboxylic acid. The benzanthrene acid with anhydrous hydrogen fluoride 
gave ill-defined products, and the benzanthrone acid was mostly unattacked. Reduction of 
the benzanthrene acid (XIV) with sodium and boiling amy! alcohol gave a mixture of 
1: 2:3: 12-tetrahyd threne-3-4-propionic acid-A (XV), m. p. 185°, and the 
stereoisomeric acid-B, m. p. 180-181". These were separated by taking advantage of the 
sparing solubility of the sodium salt of acid-B, and the two acids clearly differ from one another 
in the configurations of carbon atoms 3 and 12. 
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st er of the stereoisomeric acids (A and B) (XV) by hydrogen fluoride gave 8-Aefo- 
1: 2:56:8:9: 10: LL: 12-cetahydro-3 4-benzpyrene-A and -B (XVI), respectively. These 
hte had almost identical ultra-violet absorption spectra (Pig. 3), and the presence of the 
ring-system of 3: 4-benzpyrene was established by reduction of the ketone-A to a liquid hydro- 
carbon which was dehydrogenated to 3 : 4-benzpyrene by heating it with palladium-black. 
means of palladium-black in boiling I-methylnaphthalene both ketones, A and B (XVI), were 
dehydrogenated to 8-hydrory-3 : 4-benzpyrene (XVII), characterised as its methyl ether and 
acetlate. 


Oxidation of 8-hydroxy-3 : 4-benzpyrene with sodium dichromate in acetic acid gave pure 
3: 4-benzpyrene-5 ; §-quinone (II), identical with the red quinone formed as one of the products 
of direct oxidation of the hydrocarbon (see above). (II) was characterised by reductive 
methylation to 5: 8-dimethory- (XVIII; R Me) and by reductive acetylation to 5: 8-di- 
acetoxy-3 4-benzpyrene Ac). 

The synthesis of 8-hydroxybenzpyrene by a series of reactions which establishes the structure 
of the product, and its oxidation to Volimann’s 5: 8-quinone, confirm not only the structures 
assigned to the two benzpyrenequinones, but also the orientation of a series of benzpyrene 
derivatives which have been related to the 5: 10-quinone (cf. Fieser and Hershberg, J. Amer. 
Chem. Soc., 1939, 61, 1565). 

Except in the Friedel-Crafts reaction, substitution in 3: 4-benzpyrene has been shown to 
take place at the 5-position. A second substituent appears to enter mainly or wholly at the 
10-position (Fieser and Hershberg, loc. cit.). It seemed, therefore, that the second, and less 
abundant, hydroxybenzpyrene formed by biochemical oxidation of the hydrocarbon might be 
obtained chemically from 3 : 4-benzpyrene after the 5-position had been blocked by a removable 
substituent. This has proved to be the case. Windaus and Raichle (Amnailen, 1939, 587, 157) 
showed that benzpyrene is chlorinated by sulphury! chloride to give 5-chloro-3 : 4-benzpyrene. 
By increasing the proportion of sulphury! chloride we have obtained not only this monochloro- 
compound, which is the main product, but also two isomeric dichloro-compounds and a 
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trichloro-compound. Oxidation of the monochlorobenzpyrene with lead tetra-acetate led to 
partial conversion into 5-chloro-10-acetoxy-3 : 4-benzpyrene. This was not isolated, the crude 
product being hydrolysed with alkali and the phenol then methylated with methy! sulphate. 
Subsequent chromatography led to the isolation, in small yield, of 5-chloro-10-methory-3 : 4- 
benzpyrene, which was dechlorinated by catalytic hydrogenation to 10-methoxy-3 : 4-benapyrene. 
This was compared with the methylated second metabolite of benzpyrene and was 
indistinguishable from it (Berenblum, Schoental, Holiday, and Jope, Cancer Res., 1946, 6, 699). 
Oxidation gave 3: 4-benzpyrene-5 : 10-quinone (III), identical with that separated from the 
mixture obtained by oxidation of the hydrocarbon, and this quinone was further characterised 
by reductive methylation to 5: 10-dimethoxy-3 : 4-benzpyrene. 


Srectroscoric Data. 


Ultra-violet-absorption measurements, kindly made by Dr. E. Clar, were used to supplement 
the chemical evidence of structure of some of the intermediates obtained in the synthesis of 
-3 : 4-benzpyrene and to assist in establishing the identity of this compound with 

the product of methylation of one of the metabolic hydroxybenzpyrenes. 


Fis. 2. 


Fic. 2.—Absorption spectrum the sodium salt 1:2:3: 


The structure of a b th derivative (XIV) assigned to one of the acids formed 
by the action of hydrobromic acid on (XIII) is confirmed by the comparison given in Fig. 1 of 
the absorption spectra (in ethanol) of mesobenzanthrene and the acid in question, maxima for 


3310 3160 2565 2480 
422 415 406 403 


Fig. 2 gives the spectrum of the sodium salt (in water) of the second acid (XV) formed by 
the action of hydrobromic acid on (XIII). The curve is benzenoid in character and is consistent 
with the presence of two isolated benzene rings. Maxima are : 


The absorption spectra of the two stereoisomeric ketones (XVI-A and -B) (in ethanol) are 
shown in Fig. 3, with the maxima at 2980 (log ¢ 3°46), 2850 (log « 3°66), and 2670 a. (log « 4°25). 
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Fic. 1.—Absorption spectra of mesobenzanthrenc-3-f-propionic acid (XIV) ———-, and 
mesobensanthrene 
(XIV) being : 
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agreement in the positions of the maxima of the main bands with those recorded by Holiday 
and Jope (Cancer Res., 1946, 6, 704) for the crystalline methylated metabolite of benzpyrene 
(in hexane) (p. 1121) : 


We have also measured the wave-lengths of the maxima of the fluorescence bands of the 
four compounds named in the following table and have found them respectively identical with 
re-determined values of the fluorescence maxima of (a) the methylated metabolite obtained by 
Berenblum and Schoental (ibid., p. 699) from rabbit feces, (b) the methylated metabolite 


Fis. 3. Pro. 4. 


3000 2500 4000 3500 3000 2500 
AA 
Fis. spectra of sterevisomeric S-heto- 1; 2 : 5: 8:9: 10: 11 4-bene- 
1): tsomer A isomer B ......... 


Pw. spectrum of s-benepyrene. 


obtained by Berenblum ef al. (ibid., 1943, 3, 145) from faces of rats and mice, (c) the product 
obtained by reductive methylation of the yellow metabolic quinone, and (d) the product 
similarly obtained from the red metabolic quinone (cf. p. 1121). The values given in the table 
were obtained with solutions in light petroleum (b. p. 60-—80°) and differ somewhat from those 
recorded by Berenblum and Schoental (Joc. eit.) for solutions in liquid paraffin. This latter 
solvent causes a shift towards the red. 


3: +c ge ONE RS Maxima of main bands. Maxima of subsidiary bands. 
10-Methory-~ .......... 4125 4370 4620 ° 4175 4430 
BMethomy~ 4200 4470 47m * 4280 4530 
5: 10-Dimethowy~ 4220 4460 4270 4520 
5: &Dimethony~ 4330 4580 ° 4900 4370 

EXPERIMENTAL. 
B-0-Anthranylacrylic (V).—-0-Anthraldehyde (Fieser and Hartwell, Amer. Chem. Soc., 1938, 


@0, 2555) was condensed with malonic acid under conditions essentially the come @ as those which have 
since been “Nee a by Davis and Carmack (loc. cit.) which, however, resulted in recovery of 40% of 
unchanged The substituted malonic acid was decarboxylated by boiling its solution in 
acetic anhydride | the pertst for 2 —_ With —* 1 g. this gave the acrylic acid (V) in yields 
up to 70%, but on a larger scale the yields were smaller (¢.g., 40 g. of crude substituted malonic acid 
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| 


with ethereal formed canary~ 
112-—113° (Pound : 824; H, 53; OMe, 12-1. 
The mother from the acrylic acid contained 


(Found: 
(Found 46: 
did not crystals was heated under aitrogen with palladium. black at 260° for an hour, and 
re Acidification of an aqueous solution of 

at gave §-9-anthran acid, which crystallised from benzene in pale yellow prisms, m. p. 
92° Pound : C, 81-4; H, 59. requires C, 81-6; H, 56%), and exter 
formed yellowish ‘trom i), m. p. 756—76" (Found: C, 61-6; H. ; OMe, 12-2. 
requires C, 81-8; OMe, 11-7%). Htydrolyas of the cater gave an acid of m. 

also formed in the rearrangement with palladium- 


acid with anhydrous h 
, 1939, 61, 1272) gave a ish-purple product which was 
and only partly cluted from the 


gave a violet 
characterist 


ics are recorded 
(Suppl.), 1934, $7, 213") imi juct was formed by the action of stannic chloride on the chloride 
the action of phosphorus tachioride on a benzene solution of dihydroanthranylacr 
needles (from acetone), m. p. 135-136" (Found H, 60. Call,O 


of M B-9- A suspension of ester (2 in 

ethanol (120 c.c.) was shaken with hyd 
at room temperature. c.c. of hydrogen had been absorbed and bad 
but the solution remained yellow. oil remain after evaporation of the solvent was hydrolysed. 
mintare of was tractionall into anthranylacrylic acid (V) and anthrany}- 


in ethanol (150 hydrogenated at 
Concentration of the colourless solution 


opionate (Found ; C, 70-6; 
, 86; OMe, 10-85. 79- "he aed ormed by hydra 


of this ester had m. p 

Badger ef al. (loc. cit.). 
B-( Hexahydro-9-anthrany!) poaptents Acid (VIII).—A solution of anthranylacrylic acid (25 g.) in 10% 

aqueous potassium hydroxide (500 ¢.c.) was er on the water-bath and stirred mechanically while, 

during 2—3 hours, nickel-aluminium alloy (100 was added. Reduction decolorised the solution, 

which was filtered into 20% hydrochloric acid. 

several times | 


yO, requires C, 70-7; H, 7-8%). 

ta excellant with those vo uired 
for hexabydroanthracene derivatives, and the products formed by —— probably arise — prior 
disproportionation means of hydrogen fluoride to tetrahydro- and octahydro-anthrany!propionic 
acids (cf. Johnson, } and Petersen, Amer. Chem 1045, 67, 1360). Even so, 
Papa of al. (J. Org. Chem., 1049, 14 366) that sa thalenes are reduced by this methc 
tetrahydronaphthalenes. We cannot completely the possibility that our 

ionic acid is la tetrahydro-acid contaminated with some of the octahydro-acid. 

‘or cyclisation, t eseyning ext, m. p. 142—144° (8 g.), was added to anhydrous hydrogen fluoride 
(150 ¢.c.), the solution was kept overnight, and the hydrogen fluoride then allowed to evaporate, The 
residue was freed from acidic material by means of ane carbonate solution, and the neutral products 

ted by repeated on alumi light p mixtures as 

following represents a) a ‘ao of adsorption of the materials: (i) The 

first eluates gave 1’-keto-9 m. p. 196—197°, which Badger 

tal. (Joc. cit.) have shown is formed by the action of hydrogen fluoride on s-octahydroanthranylipropionic 
acid. (ii) A ketone which formed almost colourless thick rhombic from 

132° (Found: C, 86-3; H, 67. C,,H,,O requires C, 66-4; 

i-one (IX); its crimson 2 4-ds had m. p. 247° (decomp.) 

ON, wires C, 66-4; (iii) Pinkish fluffy needies, m. p. 

; bly not homogeneous. (iv) Y crystals, m. p. ca. 120—122°, (v) A compound which 
crystallised from benzene in stout orange needles, m. p. 147—-148°; 
making use of its solubility in cold concentrated hydrochloric acid. from which the compound 


recovered by dilution with water ; 4: S-tetr, 
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— — = Davis and Carmack. 

methyl ester yw needles (from light 

m O, requires C, 82-5; H, 

3; OMe, 11-8° acids which were partly 

separated by sation of their methyi esters, but products of undoubted homogeneity were not 

isolated. 

Acid (V1).—A solution of the acrylic acid (V) (35 ¢) 

cc.) was shaken with sodium amalgam (from 1-5 g. of jum 

160 g. of mercury) until it was decolourised. Kepeated crystallisation of the resulting acid from aqueous 

ttempted Cyclisation of anthranyiproy 
Fieser and Amer. Chem, Sox 

strongly adsorbed on alumina from benzen ' 
solution in aqueous alkali and a deep-red s @ which 

req ri. 

metha m. p. 46-—46° (Found: C, 80-2; H, 82. C,,H,.O, requires C, 800; H, &1% The acid 
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gently boiling tution of acd (V) tm amyl 
was then removed in steam the alkaline solution boiled 


Acidification a solution of this salt precipitated £-(9 : 10-dihydro-9 
which formed colourless rhombs (from benzene p. 139-140" (Found: C, 81-3; Cc, 

oires C, 810; H, 636%). The methyl ester, the Fischer-Speier 1 

rless transparent rhombe (from methanol), m. p. 64-6—65-5° (Found: C, 80-9; H, 67. C,,H,,O, 

requires C, 61-2; H, 68%) 

Unidentified reduction products were also formed to a minor extent and remained in solution when 


rystallised. 
2: 3: 12-tetrahydromesod th (XID). of the acid (XI) (1 with 
rogen fluoride was carried out in the usual way (18 hours’ storage) and gave a homogeneous product 
ich was freed from traces of coloured impurity by passing its ry in benzene through a column 
of alumina. The Astone (X11) (0-7 g.) formed thick with a cream-coloured tinge (from benzene— 
light petroleum), m. p. 131-132" Cc, H, C, O requires C, 87-2; H, 60%). 
mp. was strongly depressed when mixed with the ketone, m iS1—is2", to which the structure 
(IX) has been assigned. The 2 : 4-diniirophenylaydrazone of (XII) formed red needies (from 
x 8 (decomp.) (Found: C, 66905; H, 44; N, 1365. C,H, Tequires C, 66-7. 
N, 13-56%) 

A solution of the ketone (XII) (0-5 g.) in acetic acid (3 cc) was treated with sodium dichromate 
(2-3 g.) in acetic acid (25 ¢.c.) and heated, first at 100° for 2 hours and then at the boil for 4 hour. The 
fesulting anthraquinone-|-carboxylic acid crystallised from concentrated nitric acid in yellow needles, 
™. p. 203-204" (decomp.), and gave a methyl ester, m. p. 189°, in t with recorded values. 

Stobbe Reaction with Ketotetrahydromesobenzanthrene (X11).—The ketone (4-3 g.) was condensed with 
ethy! succinate (7 g.) by means of potassium (0-95 g.) in tert.-buty! alcohol (12-9 c.c.) as described by 
Riege! and Burr (/. Amer. Chem. Soc., 1948, 70, 1070) for an analogous case, the reaction mixture are | 
heated under reflux in a nitrogen atmosphere for 4 hours. While still warm, the mixture was trea 
with dilute hydrochloric acid (4 ¢.c. of concentrated acid, 20 ¢.c. of water) and kept overnight. The 
solvent was removed by distillation under reduced pressure. The residual brown oi! was dissolved in 
ether, and the acidic product was extracted with dilute ammonia solution. Acidification of the 
ammoniaca! solation, followed by extraction with ether and then evaporation, gave a reddish-brown oil 
(7:1 g.) which crystallised after addition of a little benzene. Recrystallisation from benzene-t 

roleam the Aalf-ester (X11) as colourless crystals, m. p. 115-116" (Found: C, 76-4; H, 58; 

110 C,,H,,O, requires C, 762; H, 61; 124%). Hydrolysis with aqueous sodium 
gave the corres: dicarboxylic m, p. (from ethy! acetate-light petroleam) 

c, H, 14.0, 754; H, 54%) 
prope: mc A and 1:2: 3: 12-Tetrahydromesobenzanthrene-3-8- 
omic Acid-~A (XV).-—A suspension of the half-ester (X111) (4 &.) in acetic acid (12 c.c.), 48% hydro- 
ic acid (8 c.c.), and water (4 c.c.) was boiled ed for hours. The molten half-ester was 
tually replaced by a solid. After cooling, this (3-05 g.) was collected, more (0-45 g.) being obtained 
GF diteting the filtrate with water and then tod se with ether. The crude products of 
decarbethoxylation and eM t (3-6 g.) were extracted with boiling benzene (150 c.c.). The 
insoluble portion, m. p, 202—203° (1-65 g.), was twice recrystallised from ethanol and gave colourless 
iams (0-9 ot 3-8-propiomic acid (XIV), m. p. 218—219° (Found: C, 83-2, 83-3; 

546. H gO, requires 63:3; H, 66%). The methyl ester formed long colourless needles 
petroleum), m. p. 104-5—105-5° (Found: C, 83-5; H, 61. C,,H,,O, requires 
834; H, 60%). This acid gave the same reddish-violet colour with concentrated 
sulphuric acid as does mesobenzanthrene. 

Oxidation of the acid (XIV) (0-2 f with sodium dichromate (0-34 g.) in acetic acid (20 ¢.c.) at 100° 
(5 minutes) gave yellow — (0-2 g.) of mesobenzsanthrone-3-8-propionsc acid, m. p. 232—233° 
(Found: C, 50. requires C, 70-45; H, 4 7%). he methyl ester formed yellow 
needies (from ethanol), m. p (Found C, 799; H, &2. C,H requires C, 79-7; H, 5-1%). 
Purther oxidation of the benzanthrone acid with excess of alkaline permanganate at 80-90" gave 
anthraquinone-|-carboxylic acid, identified by m. p.s and mixed m. p.s of the acid and its methyl ester. 

The benzene extract from which the benzanthrenepropionic acid had been separated was concentrated 
under reduced pressure and — crystals which after several recrystallisations from ethanol formed 
colourless prisms (0-85 ¢.), p. 185°, of 1: 2: 3: 12-tetrahydromesobensanthrene-3-8-propionic acid-A 
(XV) (Pound : C, 82-1; Wes 6-9. C,,H,,O, requires C, 82-2; H, 69%). This acid gave a yellow solution 
in concentrated sulphunc acid and formed a methy/ ester which crystallised from ethanol in clumps of 
colourless needles, m. p. 67-68" (Found: C, 82-35; H, 7-3. C,,H,,O, requires C, 82-3; H, 7-2%). 

Other acids appeared to be present in small amount in the liquors from which (XIV) and (XV) were 
tsolated, but these were not identified 

Reduction of mesoBenzanthrene-3-8-propionic Acid (X1V).—A boiling solution of this acid (1-15 g.) 
in amy! alcohol (70 ¢.c.) was reduced by addition, during 2 hours, of um (2-3 g.). The alcohol was 
removed in steam, and the alkaline solution was boiled with charcoal and filtered. On SS ee “4 

ngly soluble sodium salt crystallised; the acid obtained from this was from benzene- 
light The resulting 1: 2: 3: acid-B (XV) 
jourless hexagonal (0- p. 186—181°, depressed to | 160° on admixture with 

its stereotsomer-A (Found . 821, H,7 0%). The methy! ester did not crystallise. 

The aikaline filtrate ah the sparingly soluble sodium salt was acidified and = a recipitated acid 
was recrystallised several times from benzene-—ligbt petroleum. It then had m. yield, 0-24 g.) 
and was shown by 3:8 : obe th 

&-Keto-1 8: 0:10:11: 12-cetahydro-3 : 


ene acid-A. 


during 4) hours toa 
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acid-A (1-8 ¢) was cyclised with hydrogen fluoride in the usual way. A solution of the product in 

benzene was passed through a column of alumina. Coloured impurities were adsorbed in narrow bands 

at the of the column: these showed brown, yellowish-green, and red ff 

violet light. The main slightly yellow zone had a biue fluorescence. This was eluted with benzene, 

and the solution concentrated and treated with light petroleum. The resulting yellowish crystals 

(1-1 g.) were recrystallised from ethanol and §-4efo-1: 2:5: 8:9: 10; 11: : 4-bene- 
A (XVI) was obtained as colourless rods, m. p. 156° (Found : C, 87-7; H, 655. C,,H,,O requires 

87-6; H, 66%). 3: formed bright red needles (from xylene), m. p. 274° 
(decomp.) (Found c, 50; N, 12-65. C,,H,,O,N, requires C, 68-7; H, 49; 

2:5:8: 10: 12-cctahydro-3 4-benzpyrene-B.—This was sim 
action of hydrogen fluoride on tetrabydromesobenzanthrenepropionic acid-B (0-2 g.). 

XVI) (0-15 g.) formed colourless prismatic needies (from ben light 4 

87-8; H, 66%), and gave a 2 which Hised 
needles, m. p. 281—282" (decomp.) (Found : C, 62; H, 48; 12-4%). 

3: 4-Benspyrene (1).—A mixture of ketone-A (XVI) (0-2 A hydroxide (0-15 
and diethylene glycol (1 ¢.c.) was boiled The 
water was t dramed from the condenser and the temperature allowed to rise to 195-—200°, "heating 
under reflux then continued for 3 hours. The reaction mixture was cooled, diluted with water, 
and extracted benzene. The benzene solution was passed a column of alumina, and the 
solvent evaporated. The residual oil, which did not ecrystallise, w _ in a nitrogen atmosphere 
at 300-320° for an hour with a fifth of its ¢ of palladiom-biack. 
benzene, and the filtered scdution concentra and treated with light 
(0-1 g.) crystallised and after recrystallisation from benzene-light pet m formed 
m. p. hyn, alone or mixed with an authentic specimen. Its »s-trinitrobenzene com 

f, 225-226", not depressed on admixture with an authentic specimen of m. p. 226 
jershberg, |. Amer. Chem. Soc., 1938, 1664). 

8-Hydroxy-3 : 4-benz, (XVII).—A solution of keto-octahydrobenzpyrene-A or -B (XVI) (0-2 
in I-methyinaphthalene (2 c.c.) was boiled under reflux with palladium-black (0-03 g.) for 7 hours, in an 
———— of nitrogen. After being cooled, the solution was t overnight in a nitrogen atmosphere. 

The yellow needies which ised were collected and with benzene-light petroleum. The 
. After recrystallisation from benzene—light petroleum, 8-Aydrory-3 4- 
yellow needles, m. p. 226-—227* (decomp.), in an evacuated sealed ca 
(Found: C, 8®7; CyHy,O requires C, 89-6; H, 45%). The microm. p. on a 
microscope stage was 207°, after previous softening (ef. Chalmers and Crowfoot, toc. ctt.). 

The mene Bape ey dissolved in ethanol, was treated with excess of ethereal diazomethane. 
The product was purified by passing its benzene solution through a column of alumina. The main 
yellow zone on the column had a strong blue fluorescence. 8-Methoxy-3 : 4- ~benspyrene formed 
transparent yellow prisms (from 182-—183° (Found: C, 80-5; H, 4-7. »H,,0 
C, 80-3: H, 5-0%). It formed a whic em ssed from benzene in almost blac necdics, m. 
207208" (decomp.) (Found: C, H, 37; N, #2. C,,H,.O.C,H,O,N, requires C, 
ao N, §-2%), and a S-trimstrobensene com complex, long dark dark reddish-brown brown needies ( trom bensens), 

(decomp.) (Found: C, 65-5; H, 356; N, 86. C,,H,,0.C,H,O,N, C, 655; 

5 8-5%). 

The hydroxy was dissolved in acetic anhydride and the solution treated with a few 
dreps of pyridine. ellow crystals soon began to —- After storage overnight these were 
collected and recrystallised from de The acetate -yellow prisms, m. p. 160-170" 
(Found: C, 863; H, 455. C,,H,,O, requires C, 85-1; H, 456%). 

3: 4-Benrpyrene-5 : S-quinone solution of §-hydrox (0-12 g.) and sodium 
dichromate (0- ye ) in acetic acid was heated at 90° for 5 minutes. ution with water gave a bright 
red precipitate of the quinone (II) which, after recrystallisation from acetic acid, formed red crystals 
(0-1 g.), m. p. 283—284° (decomp.) (Found: C, 85-1; H, 36. C,,H,,O, requires C, 85-1; H, 36%). 
it gave a green solution in concentrated sulphuric acid. Vollmann, Becker, Corell, and Str 
(Annaien, 1937, 531, 130) gave m. p. 245° for the compound which they arded as this quinone. 
Analytical figures were not quoted. 3. 4-Benzpyrene was therefore oxidioed as described by these 
workers, the crude mixture quinones (1-2 g.) was dissolved in tetrachioroethane, and the quinones 
were adsorbed by passing the solution a column of alumina. Devel t of the chromat 
with benzene led to ation. upper portion was deep-red and the lower portion deep- 

into one another and complete separation could not be effected by 
columa was therefore cut, and the red and the yellow 


separated 
r treatment and 
— Le repeated several times. In this way the 5 : §-quinone was obtained as red needles, micro- 

. 291° (decomp.), and the 5 ; 10-quinone as rosettes of needles, micro-m. p. 288° (decomp.). 
The red quinone pore the m. p. of quinone prepared by oxidation of §-hydroxy-3 : 

. For the ne omy which they regarded as the 5: 10-quinone, Volimann ¢f al. gave m. p. 
295°. This was also isolated by Winterstein and Vetter pipet. Chem., 1934, 230, 169) by 
chromatography of the crude mixture of ems: formed by oxi of benzpyrene These authors 
described the quinone as orange- needles, m 292— 293° (corr.). 

5: 8-Di 4-benspyrene (XVIII; R Me).—The red quinone, formed by oxidation of 
(XVII) was treated with zinc dust, concentrated sodium hydroxide solution, and methy! sulphate, and 
the mixture boiled for some time. The solution was diluted and then extracted with benzene, and the 
benzene extract was passed — a column of alumina. Concentration of the filtrate, followed by 
addition of light petroleum, gave yellow rhombic crystals of 5 : 8-dimethoxy-3 : 4-benzpyrene, m. p. 
226—227° (Found: C, 848; 5&2. requires 84-6; H, 62%). The sérimitrobenzene 
8-5. requires C, ; H, 3-65; N, 


1120 Polyeyclic Aromatic Hydrocarbons. Part XXXVI. 
bydroxybenzpyrene was im acetic anh 


prisms, m. 215216" (Found: C, 7840; 50. 
al. (lee. p. 206° and did not record 


res 

Chlorination of 3: and Raichle (Awnalen, 1939, 637, 168) obtained 5-chloro- 
4 -benzpyrene the action of salphury! chloride on the hydrocarbon, and we have confirmed their 
results although with the og ope of reactants which they recommend much benzpyrene remains 
unattacked doubl t of sulphury! chloride was used, more highly chlorinated 
derivatives were also formed : A solution of benzpyrene (2 g.) in dry freshly distilled car tetrachloride 
0 c.c.) was treated dropwise with sulphury! chloride (2 c.c.) and the solution heated on the water-bath 

6 hours. After being cooled and overnight the solid which had separated was collected, washed 
with carbon tetrachloride, and leac . The insoluble residue was recrystallised 
several times from chicrobenarne and finally from a large 
306-—306° (Found: Cl, 20-9. 

9%) 

Evaporation of the benzene leachings gave a residue which was extracted with hot ethanol. 
Concentration of the extract gave long pale yellow threads which, after crystallisation from benzene 
had m. p. 219-220" and were found to consist of a dichloro-3 : 4-benzpyrene (Pound: C, 74-5; H, 3-4; 
cl, 21 ee requires C, 74-8; H, 31; Cl, 22-19%). The residue undissolved by ethanol was 

ised several times from chlorobenzene, and then from chloroform. Yellowish rhombic plates, 
276", were obtained, consisting essentially of an isomeric dichioro-3 : (Found: Cl 
. &Chloro-3: was recovered from the 
thirst liquors and also from the ethanolic liquors after crystallisation of the 
™. p. 220°, 
: 4-benspyrone.—A solution of S-chloro-3;4-benzpyrene (2 g.) in benzene 
100 c.c.) was treated, on the water-bath, with a solution of lead tetra-acetate (15 ss in acetic acid 
= 6.6, ) added in portions during 40 minutes. To the cold mixture water was added, and the benzene 
— aon. washed, and concentrated under reduced pressure. The residual solid was 
extracted ith warm sodium methoxide solution. Most of the material remained undissolved and 
consisted of unaltered chlorobenzpyrene. The cooled extract was treated with methyl! sulphate and kept 
overnight. Water was then added, the meth lated material extracted with benzene, and the solution 
submitted to chromatography on alumina. here were coloured zones of strongly adsorbed material, 
followed successively by dark yellow, pale yellow, and greenish-yellow zones, and then an almost 
colourless zone which showed a violet fluorescence. The latter was eluted with benzene and proved to 
be unchanged chiorobenzgpyrene. The greenish-yellow zone, which was also strongly fluorescent, was 
eluted and the eluate re-chromatographed from benzene-light petroleum (1 : 3). fluorescent zone 
was cut and eluted with benzene, and the solid obtained by concentration was recrystallised several 
times from light —- 5&-Chloro-\0-methory-3 ; 4-benzpyrene (30 mg.) formed yellow rods, m. p. 
209—-210° (Foun 70-6; H, 435. requires C, 70-6; 41%). From the coloured 
sone of the original he ae there were obtained, by further chromatography and crystallisation 
fom benzene, small amounts of (a) deep yellow needles, m. p. 287-—288°, consisting of 3 : 4-benzpyrene- 
5; 10-quinone, (6) red needles, m. p. 287-—201-5°, shown to consist of 3 : 4-benzpyrene-5 : 8-quinone, 
and 5-chloro-3 4-bensp which crystallised from benzene in deep purple needles, m. p. 
331- (Found: C, 758; H CyeH,O,Cl requires C, 76-8; H, 28%). 
on 4-benepyrene.—-A solution of 5-chioro- 10-methoxy-3 :4-benzpyrene (50 mg.) in 
rihed xylene (5 c.c.) was heated under reflux with palladium-black (prepared as described by 
ilistatter and Waldschmidt-Leitz, Ber., 1921, 64, 123) (5 mg.) and a slow stream of purified hydrogen 
was bubbled through the solution. After an hour evolution of hydrogen chloride had ceased, and the 
filtered solution was concentrated in eecwo and chromatogra on alumina from benzene-light 
petroleum. The a of the fluorescent zone was cut and eluted with benzene, and the solution 
concentrated and trea with light are oe 10-Methoxy-3 : 4-benspyrene (10 mg.) crystallised in 
pale yellow rods, m. p. 143-144" (Pound 896; 50. requires C, 80-4; H, 50%). Its 
Sirimitrobensene complex formed needles (from benzene), m. p. 190° (decomp.) (Found 
C, 66-86; H, 36; N, requires C, 65-5; H, 35; N, 85%). 

5: 10. Dimethowy-3 was oxidised with sodium dichromate 
in hot acetic acid. The resulting 3: 4-benzpyrene-6 : 10-quinone, purified by chromatography on 
alumina, formed yellow needies, m. p. 246°, not eupremed by admixture with the yellow quinone 
isolated from the products of oxidation of benzpyrene. Reductive methylation, with zinc dust, alkali, 
and methy! sulphate, gave a fluorescent product which, after chromatographic purification, had the 
same fluorescence spectrum as 5: 10-dimethory-3 : 4-benzpyrene which was similarly prepared from a 
specimen of » ag separated from the oxidation qe: of the hydrocarbon. It formed golden- 
yellow rods, m. 192-193" (Pound: C, 8475; H, 51. H,,O, requires C, 84-6; H, 52%), and 

ve @ complex as brown m. p. 227° (decomp.) (Found: C, 64-5; H, 
Cy HH, HON, requires C, 64-1; H, 3-65%) 

Preparation of Derivatives of Metabolic Ovidation Products of 3: 4-Benzpyrene.—The publications of 
Berenblam, Schoental, ef af. (Joc. cit.) were concerned with the extraction from the excreta of animals 
of metabolic products of benzpyrene, and their characterisation by spectroscopic and Ss 
means. The following supplementary notes relate to the more complete chemical characterisation of 
these metabolites 

The accumulated metabolite from faces of rats and mice, after methylation with methyl sulphate in 

of alkali (Berenblum and Schoental, Cancer Res, 1943, 8, 151), was submi to 
chromatography on alumina, with light petroleum containing 10% of benzene as solvent. The column, 


oxidation of 
and a ~~ of 
concentrated sulphuric acid he solution was ed for } r, cooled, and treated with water. fter ' 
decom pusttion of the acetic th separated 
after concentration in elonga yellow 
requires C, 77-6; H, 40%). Volimans analytic 
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after development with this solvent, was cut and the middle portion of the 

with benzene. Vacuum-concentration of the —_. was 

solvent. The resulting yellow rhombic needles had ah Reng p. 170—181°, determined in Oxford in 

1945. A so-determination | in in 1949 gave microm. 173-175", and the mixed micro-m. p. 
76—177°, was 173--176". The ultra- 


crystallised from tight petroleum golden-yellow needies, micro-m or 
with synthetic 5 : §-dimethoxy-3 : 4-benzpyrene, which had micro-m. p. 224— 

been administered ( 609) has already been shown by Holiday and 
Jope to have an violet-absorption that of 10-methoxy-3 : 4-benz- 
pyrene, the synthesis of which is now recorded. also showed that the spectrum of the 
uinone from rabbit excreta resembies 
closely the spectrum of the 5: 1 y-3 : 4-benzpyrene in this communication. 


which was carried out one of us (R. S.) while working at the School of thology, University of 
Oxford. We are also i ted to the Committee for Cultural Affairs of the Polish Council of Ministers 
for a Fellowship which has enabled another of us (R. S. L.) to take part in this investigation, and to 
Mr. J. M.L.C Miss tu. Kennaway. 


University or Giascow. (Received, December 28th, 1949.) 


229. Experiments on the Synthesis of Rotenone and its 
Derivatives. Part XVII. The Rotenonone Nucleus. 


By G. Parxer and ALexanper Roperrtson. 


from 7-methoxycoumarin-4-carboxyl chloride R = H) and resorcinol 
method of Friedel and Crafts, the ¢acyicoumarn 


oumarin (II). The analogous (11; R = 
yielding (IV; R = H), whilst the 
coumarin-3-carboxyl chloride with resorcinol gave (IV; K OMe) directly. wrk 
methox marin-4-carboxyl chloride 
the acy marin (VII) was obtained which 
furnished the chromonocoumarin (VIII). 


As far as we are aware chromono(?2’ : 3’-3 : 4)coumarins of the rotenonone type (Part XVI, /., 
1949, 2049) have not been synthesised previously and the experiments in the present communic- 
ation represent the successful outcome of an investigation undertaken with this objective. 
In the first instance, it appeared that a direct route to compounds containing the rotenonone 
heterocyclic nucleus of type (VIII) was by cyclisation of acylcoumarins of type (I) to give the 
chromanono(2’ : 3’-3 : 4)-3 : 4-dihydrocoumarins of type (II), followed by dehydrogenation 
at the 3- and the 4-position. Although on general grounds the cyclisation of (I) would be 
expected to be difficult, it appeared desirable to explore this route, more especially in view of the 
ready accessibility of the intermediate coumarin-4-carboxylic acids required for the preparation 
of acylcoumarins of type (I). 

The acid chloride of 7-methoxycoumarin-4-carboxylic acid was conveniently prepared by 
means of phosphorus pentachloride in chloroform and, on Friedel-Crafts condensation with 
resorcinol in nitrobenzene, gave a good yield of 2’ : 4’-dihydroxy-7-methoxry-4-benzoyl. 

(I) which had the expected ferric reaction in alcohol and formed a diacetate. All attempts, 
however, to cyclise (I) with boiling alcohol containing hydrochloric, sulphuric, or phosphoric 
acid or with aluminium chloride in nitrobenzene were unsuccessful. In contrast with the 
behaviour of the compound (I), the analogous 2’ : 4’-dihydroxry-3-benzoylcoumarin (III; R = H), 
as expected, readily underwent cyclisation, giving 7’-tydroxychromanono(3’ : 2’-3 : 4)-3 : 4-di- 
hydrocoumarin (IV; R= H) under the standard conditions employed for the conversion of 
chalkones into flavanones and even on being boiled with acetic acid or alcohol. The acyl- 
coumarin (III; R <— H) prepared by the interaction of coumarin-3-carboxy! chloride with resor- 
cinol in nitrobenzene containing aluminium chloride was accompanied by a smal! amount of the 
chromanono(3’ : 2’-3 : 4)-3 : 4-dihydrocoumarin (IV; R =H). Unfortunately, in subsequent 


violet-absorption spectrum of this crystalline material was determined, in hexane, by Holiday and Jope 
(ohed., 1046, 6, 704 The positions of the maxima of the main bands agree with those found by Dr. Clar 
hoxy- 
H) 
acetic 
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repeat the preparation of the ketone (III; R = H) in quantity. 
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Similarly, when 7-methoxycoumarin-3-carboxy! chloride was employed the — from the 
Friedel-Crafts reaction with resorcinol consisted entirely of 7’-hydroxy-7-meth 
(3’ : 4)-3 : 4-dihydrocoumarin (IV; R = OMe). Attempts to effect the 
of (IV; R «= H) or its methyl ether by the usual methods employed for the conversion of rotenone 
derivatives into the corresponding dehydro-compounds, ¢.g., iodine and sodium acetate, chromic 
oxide in acetic acid, nitrous acid, or selenium dioxide, were unsuccessful. Ultimately, it was 
found that on treatment with lead tetra-acetate in warm acetic acid the chremanono-3 : 4-di- 
hydrocoumarin (IV; R = H) was almost quantitatively converted into 7’-Aydroxychromono- 
(3° : 2°-3 : 4)cowmarin (V), characterised by the formation of the acetate 

In view of the failure to prepare the intermediate chromanono-3 : 4-dihydrocoumarins of 
type (II) which could be dehydrogenated to give the rotenonone nucleus we turned our attention 
to the possibility of employing a suitable oxidation product of the coumarin acid residue which 
could be cyclised to give the required chromono(2’ : 3’-3 : 4)coumarins directly. For this purpose 
the 3-methoxycoumarin-4-carboxylic acids, which are now readily accessible (Part XVI, Joc. 
cit.), seemed to be suitable. Accordingly, the acid chloride (VI; R = OMe) of 3 : 7-dimethory- 
coumarin-4-carboxylic acid was condensed with resorcinol in nitrobenzene by means of aluminium 
chloride, giving a satisfactory yield of 2’ : 4’-dihydroxy-3 : 7-dimethoxy-4-benzoylcoumarin (VII) 
which had the expected properties and formed a diacetate. Attempts to cyclise the keto-coumarin 
(VII) by means of hot concentrated hydrochloric acid in acetic acid were unsuccessful, but use 
of hydrobromic acid led to cyclisation with simultaneous demethylation, thus furnishing 
7: T'-dihydroxychromono(2’ : 3’-3 4)cowmarin (VIII) which, on treatment with ethereal diazo- 
methane, gave the dimethyl ether. When 3 : 7-dimethoxycoumarin-4-carboxy! chloride (VI; 
R « OMe) was replaced by 3-chloro-7-methoxycoumarin-4-carboxy! chloride (VI; R = Cl) 
the condensation with resorcinol could not be effected with aluminium chloride under the usual 
conditions. The use of aluminium bromide, however, gave a small yield of 7 : 7’-dihydroxy- 
chromono(2’ : 3’-3 : 4)coumarin (VIII), In preliminary experiments on the synthesis of tetra- 
hydrorotenonone by means of the requisite 3-methoxycoumarin derivative we were unable, 
#.g., to effect the condensation of (VI; R « OMe) with tetrahydrotubanol, but further studies 
on this and allied problems are being pursued. 


EXPERIMENTAL. 


2’ 4'-Dihydroxy-7 -methory-4-benzoylcoumarin (1).—-A mixture of 7-methoxycoumarin 
acid (von Pechmann and Graeger, Ber., 1901, 34, 354) (5 g.) and phosphorus pentachloride (4-73 g.) in 
chioroform (60 m1.) was gently warmed on the water-bath until the evolution of hydrogen 
coased (1) hours), and the solvent and phosphorus oxychloride were distilled off ina vacuum. To remove 
a little residual phosphorus oxychioride oo was dissolved in chloroform (50 m1.) and the solution 
wated in a vacuum, leaving the acid ide as a pale yellow solid which was used in the Friedel- 
Crafts reaction without further purification. Warmed gently with aniline for 5 minutes a specimen 
of the chioride gave the anilide which ated from alcohol in pale Sfavten 
181° (Found: C, 60-2; H, 4-86; N, 49. C,,H,,O,N requires C, 60-2; 44 47%) 


Mey ? i 
Yoc 


(1950) 


A solution of the 
chlonde (7/8), and 


ing 
(67 g.), m. 238° (Found : C. 65-5; H, 40; OMe, 96. 
38; eed) 3 This compound, which was soluble in methanol, alcohol, or 
volume of acetic acid in rosettes of colourless needles, m. p. (Found C, 634; 43 Cull. 
requires C, 63-6; H, 40%). 


acetic acid in needles, m 

7'-Hydroxychromanono(3’ 

3-carboxylic acid (Khan et al., dent. Sei., 

chloroform ure, the acid chloride formed needies ( 

which invariably had m 2 od 137° (bath pre-heated to 130°) - Lam 

1934, 14, 1231, and and Schumann, 


136—137° and 147-149"). The anilide 

249-—250° (Found: N, 5-4. Cale. for ) Ahluwalia, Haq, and 
1931, 2059, who give m. p. 247°). Interaction def phenol 
chloride (4-5 tem 


ich was isolated 


prisms, m. p. 
and 


ith a specimen prepared ine — 
on the steam-bath for 15 minutes (Found : , requires C, 72-1; H, 40%). 
When phenol was replaced by p-cresol in the foregoing Friedel carried out at room 
temperature for 3 days, at | for 20 minutes, or at 1ab° for 45 minutes the p-tolyl ester (99-48 6) 
was obtained. This or from benzene in feather-like masses 
ayy ts 32%). 159°, having a negative ferric reaction (Found: C, 73-0; H, 43. C,,H,.O, requires 
+ 
clone 6g) waa added in small portions to an agitated mature ofthe ach chloride 
(from 5 g. of coumarin ylic acid) and resorcinol (2-8 g.) in nitrobenzene (30 mi.) kept at room 
temperature, and 2 days later the nitrobenzene was removed with steam, leaving a brownish-yellow solid 
im the aqueous liquor. This product was extracted with boiling alcohol (25 ml.) for 5 minutes, and the 
extract was filtered to remove the insoluble residue and diluted with water to precipitate 2° : 4’-dihydro: 
3-benzoylcoumarin (111; RK = Crystallised from a small this keto-cou 
formed yellow pointed prisms (3-1 g.), m. p. 234° (decomp.), soluble in or 
soluble in warm benzene, and having a in (Found: 
CygH requires C, 68-1; H, 3-5%). 
The insoluble residue, left after the extraction of the the foregoing ketone with alcohol, was crystallised 
from acetic acid or much dioxan, giving the 7’-Ayd h (3° : 2°-3 : 4)-3 : 4-dthydrocoumarin 
(IV; R = H) in yellow rena Cant nett which melt above 320° and have a negative ferric 
reaction in alcohol (Found Pande This compound, which is sparingly soluble in the usual 
organic solvents except 7 acid, a pale solution in concentra sulphuric acid which 
had an intense fluorescence. acy same 3: 4-dihydrocoumarin was obtained in 
almost theoret when 2’ : 4’-dihydroxy-3-benzoylcoumarin was dissolved in boiling acetic acid 
pom pe ervey enh ym or on prolonged boiling of alcoholic solutions of the ketone with or 
without the addition of a few drops of concentrated hydrochloric acid. The acetate of the compound 
IV; R = H) separated from dilute acetic acid in almost colourless plates, m. p. 230-—-231° (Found : C, 
9; HL 38. CygH gO, requires C, 66-7; H, 
sium carbonate in boiling acetone, the methyl rosettes of pale ow needles p- vie 
(Found: C, 68-9: H, 43; OMe, 10-0. sms anoles ether uires C, 68-9; H, 40; OMe, 16-59%) 
chromanono-3 : selon tae and its in warm aqueous 
givin 
os: ‘4-dihydrocou 0 in acetic acid (100 ml.) was treated with tetra-acetate 
11), and the mixture kept at 5000" hours and then at 80° for 2 hours. On cooling, the reaction 
mixture was filtered to changed material (0-4 g.), and the filtrate evaporated in a vacuum, 
which seperated as a hydra from in clust 
pane 360° (Found, in a specimen dried at room tem ture 
H, 3-9, requires, Crh H, Found, in specimen dried in a vacuum 
at 110°: C, 68-5; Sn LO, requires C. 68-6 2-9%). This compound, which is sparingly 
soluble in alcohol or sulpbaric acid, 
a green fluorescence. p. 224° (decomp.), from 
weous dioxan (Found : C, 67-2; 31% ). Mixed with a specimen 
7-acetoxychromanono(3’ : 2’-3 . 231", compound melted at 
194—-196° (decomp.). 
1'-Hydroxy-7 (TV; R= OMe).—The acid 
4c 
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acid) and resorcinol (5 g.) in nitrobenzene 
resulting dark mixture kept at 60° for 6 hours, 
acid (76 The 
nitrobenzene was removed with a current of stream, and on being the residue deposited 2°: 4’-d1- 
hydroxy-7-methory-4-bensoylcoumarin which was collected, triturated with aqueous sodium hydrogen 
pe nee aan et» it was observed that prolonged warming of the compound with alcoholic hydrogen 
or boiling with alcoholic sulphuric acid gave rise to small quantities of ethy! 7-methoxycoumarin- 
4-carborylate (Part XVI, icc. cif.) along with unchanged ketone. The ester separated from a little 
| 630; H, 48; Alkyl-O, 11-56%; 
12-09%; Mf, 248) 
R « H).—Prepared from coumarin- 
oform or ¢ ‘orm t petroleum), 
pe and Trenknerowna, Noceniti Chem., 
271, 490, who respectively give m. p. 
steam The solid was isolated from the cooled residue, triturated with an excess of aqueous sodium > 
hydrogen carbonate, and crystallised from alcohol, giving the ester (3-2 g.) in colourless flat 


chloride waa prepared from 7-methoxy rin-3 
1001, 34, 381) by the 


pentachlorie-chioroform 
from acetic acid (Found: N, 46; OMe, 
6-5%) 
of them of acid), .), and aluminium chloride 
(46 ) im nitrobenzene (20 mi.) at room temperature for 48 hours gave 7’-+ ‘l-methoxychr 
(8: 2-3: This ted from 80% acetic acid of aqueous dioxan tn orange- 
low polyhedra, m. p. 214° (decomp.), which contained solvent of crystallisation aad on being dried in a 
bh vacuum at 100° did not melt below 300° (Found, in dried material: C, 654; H, 45. C,,H,,O0, 
requires C, 664; H, 38%). Both the solvated and the anhydrous form dissolve instantaneously in 
2™-aqueous sodium hydroxide, giving a scarlet solution which becomes colourless in a few seconds. 
acsiate al Sew from 50% acetic acid or alcohol in colourless prisms, m. p. 167° (Found: C, 64-2; 


HL 41. requires C, 66-4; H, 40%) 

3; Dimethoxye ord. —Eth 3: h in-+-carboxylate (Part 
XVI, joc. ctf.) (3g) was heated under reflux with sulphuric acid (40 mi. of concentrated acid and 100 ml. 
of water) for 4) minutes, cooled, diluted with water (150 mi.), and extracted with ether (150 ml. x 5). 
3. acid was wolated the combined ethereal extracts by means of 
aqueous sodiam bydrogen carbonate (100 mi. x 3) and crystallised from ether, forming colourless 
rectangular plates (1-7 g.), m. p. 212°, readily soluble in the asval organic solvents except benzene, 
chiorotorm, or light petroleum (Found: C, 57-2; H, 4 1%; M, 240. C,,H,O, requires C, 57-46; 
H, 40%; M, 260) Deapaeed by the phosphorus ‘pentachloride-chloroform method, the acid chloride 
(Vi; « OMe) was obtained as a light-brown solid which gave the anilsde as colourless 
191°, from alcohol or acetic acid (Found : C, 664; H. 48. C,,H,,O,N requires C, 66-5; if 46% 

2: 4°-Dihydroxry-3 (V1I1).—-A mixture of the foregoing acid hioride 
from 3 ¢. of acid), resorcinol (1-4 g.), aluminium chloride (2 g.), and nitrobenzene (20 ml.) was kept at 

antil the evolution of m ty chioride had ceased (about 7 hours). The cooled reaction mixture 
was treated with water (40 mi) and concentrated hydrochloric acid (40 mi.), kept for an hour, and extracted 
with ether (70 mi. x 4). The dried ethereal extracts were evaporated and on treatment with light 
petroleum (b. p. 40--60") (250 mi.) the dark residual! liquor sosited a dark brown viscous product 
which, on triteration with fresh light roleum, became semi-solid and was then washed with aqueous 
sxdiem hydrogen carbonate, tritura with a little pyridine, dried, and crystallised from ethyl! acetate, 
giving 2’. 4'-dihydrory-3 in ht yellow rhombic prisms (2-1 
m. p. above 300° (Pound: C, 634, H, 42%; M, 348-6. C,,H,,O, requires C, 63-2; H, 41%; 
342-0). This keto-coumarin is sparingly soluble in cold alcohol, acetic acid, or benzene and gives an 
intense bottle-green ferric reaction in alcohol. Prepared by pyridine-acetic anhydride, the diacetate 
separated from acetic acid in tong needies or from ——- acetate in sharp prisms, m. i" 264°, having a 
negative ferric reaction (Found 61-7; 45. requires C, 62-40; H, 42%). 

was heated under reflux with a mixture of hydrobromic acid (20 mil. ; gr., 1-51) and acetic acid (10 ) 
for 2 hours and the resaiting dark red solution diluted with water (100 mi.), neutralised with sodium 
hydrogen carbonate, and repeatedly extracted with ether (60 ml. x 10). Evaporation of the dried 
extracts left the chromono(2’ 3'-3 4)cowmartn (VIII) as a pale yellow solid which, on crystallisation 
from a little acetone or from aqueous dioxan, formed pale yellow, tiny, irregular plates (0-45 g.), 
above 320°, having a negative ferric reaction (Found: C, 651; H, 30. C,,H,O, requires C, 644; 
H, 2-7%). This compound is sparingly soluble in the usual organic solvents except acetone, pyridine, 
or dioxan, and its solutions exhibit a blue fluorescence. The dimethyl ether was prepared by means of 
ethereal diazomethane and was crystallised from benzene, forming pale yellow, elongated flat prisms, 
by 240" after = sintering at 222°, soluble in acetone, ethy! acetate, chioroform, or alcohol (Found : 

H, 40. requires 66-7; H, 37%). With concentrated sulp acid the parent 
pane Be tell forms an intense red solution which is unchanged on the addition of concentrated 
nitric ackd. With sulphuric acid the methyl ether gives a red solution which becomes purple on the 
addition of concentrated nitric acid. With concentrated nitric acid the ether forms a bright green 
solution 

(6) Interaction of the acid chloride (VI; R = Cl) of 3-chloro-7-methoxycoumarin-4-carboxylic acid 
(Part XVI, lee. cit.) (prepared by the orus pentachloride—chioroform method from 5 g. of acid) 
with resercinel (4-3 ¢) and alummium kde (12-5 g.) in nitrobenzene (50 m!.) at 65° for 6 hours gave 
a dark reaction mixture which was poured on ice and hydrochloric acid. The mixture was extracted 
with ether (80 mi. x 12), the ethereal extracts evaporated, the residue mixed with light petroleum 
(b. p. 40-40") (300 ml), and the resulting precipitate crystallised from dioxan, giving 7 : 7’-dihydroxy- 
chromono(?’: 3-3: 4)coumarin in characteristic minute, pale yellow prisms, (0-3 g.), m. p. 
320°, identical with a specimen prepared by method (¢). 


Univensity oF Liverroot., (Received, December 23¢d, 1949.) 
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carboxylic acid (von Pechmann and Gracger, Ber. 
“ 


(1950) The Synthesis of 2:3-Dimethyl L-Rhamnese. 1125 


230. The Synthesis of 2 : 3-Dimethyl t-Rhamnose ; The Action of 
Sodium Metaperiodate on 2: 3- and 3: 4-Dimethyl L-Rhamnoses. 
By F. Brown, L. Hoven, and J. 


The synthesis is described of 2 : 3-dimethyl t-rhamnose via 2: S-ssopropylidene 
The oxidation of : with sodium 
metaperiodate has been shown to be anomalous. 


Dvrinc an investigation of the scission products of methylated Sterculia setigera gum (Hough 
and Jones, in the press) dimethyl t-rhamnose was encountered in admixture with 2:3: 4: 6- 
tetramethy! p-galactose and, since they could not be separated by distillation or partition, 
attention was given to the use of sodium periodate, a reagent diagnostic for a-glycol groups, 
for the determination of the dimethy! rhamnose. 2: 4-Dimethy! rhamnose will not be oxidised 
by periodate, but 2 : 3-dimethy!l rhamnose (I) should theoretically consume | mole of periodate 
and yield 1 mole of acetaldehyde per mole, and 3: 4-dimethy! rhamnose (II) should consume 
1 mole of periodate with the formation of 1 mole of formic acid per mole. This being so, a 
determination of the periodate uptake and the yields of acetaldehyde and formic acid should 
give the amounts of each of these dimethy! derivatives present in the mixture. An authentic 
specimen of 2: 3-dimethyl rhamnose was not available and accordingly 2: 3-dimethyl 
L-rhamnose was synthesised for model oxidation experiments by the following route. 2: 3-iso- 
Propylidene a-methyl-t-rhamnoside (Levene and Muskat, J. Biol. Chem., 1934, 105, 431) was 
converted into 4-bensoy! 2 : 3-isopropylidene a-methyl-L-rhamnoside, m. p. 97---98°, which was 


K Cc < 
MeO 


HO 


heated in acetic acid to remove the isopropylidene group. The resultant 4-benzoy! a-methyl- 
t-rhamnoside with silver oxide and methy! iodide gave the syrupy 2; 3-dimethy! derivative 
along with a little monomethyl derivative formed by under-methylation. This mixture was 
produced deliberately so that the separation of 2- and 3-methy! L-rhamnose would be attempted 
(see below). Removal of the benzoyl group by potassium hydroxide and extraction of the 
alkaline solution (4; see Experimental section) with chloroform gave mainly 2 : 3-dimethyl 
a-methyl-.-rhamnoside. Hydrolysis of this product followed by purification by partition 
chromatography on a column of cellulose using n-butanol-—light petroleum as the mobile phase 
(Hough, Jones, and Wadman, J., 1949, 2511) separated the monomethy! and traces of the 
trimethyl derivative from the syrupy 2: 3-dimethyl L-rhamnose ({2) +42°5°), which gave 
one discrete spot only on the paper chromatogram. The benzoyl group, it might be argued, 
could have wandered during the methylation; however, we have come across no evidence in 
the literature which describes the migration of benzoyl groups during methylation with 
Purdie’s reagents. In fact, 2: 3: 4-tribenzoyl methyliglucoside passes into the 6-methy! deriv- 
ative on methylation; no rearrangement occurs (Helferich and Ginther, Ber., 1931, 64, 1276). 


H H Sc—cn, 
HO HO o 10, o 
MeO MeO MeO MeO MeO MeO 
(ly (1-A.) 
4 
at) +> G (tt, 
MeO HO MeO 
{| 
H H 
MeO Me) 
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Acetyl! groups are more prone to migration than are benzoyl groups, yet 3: 4-diacety! methy!- 
thamnoside furnishes the 2-methy! derivative on methylation without rearrangement (Elder- 
field and McPhillamy, J. Org. Chem., 1939, 4, 150). When migration of acyl groups does 
occur, it is always away from the reducing grouping and not towards it. Had any migration 
occurred, 3: 4- or 2: 4-dimethyl t-rhamnose might have been produced. The product isolated 
is certainly not 3: 4-dimethy! t-rhamnose, but it could have been 2 : 4-dimethy! .-rhamnose. 
The isolation in high yield of a crystalline anilide, identical with 2 : 3-dimethyl .-rhamnose 
anilide, prepared by Percival and Percival (/., 1960, 690), places beyond doubt the identity 
of the sugar as the 2: 3-isomer. This dimethyl sugar (X, 0°83) moves rapidly on the paper 
chromatogram and is readily distinguished from 3: 4-dimethy!l rhamnose (f, 0°90) by its 
slower rate of movement (Hirst, Hough, and Jones, /., 1949, 928) and by the colours pro- 
duced on spraying the paper chromatogram with a solution of aniline trichloroacetate in 
glacial acetic acid and then heating the paper; 2: 3-dimethyl rhamnose gives a reddish-brown 
and 3: 4-dimethy! rhamnose gives a green colour. 2: 3-Dimethy!l rhamnose gave a char- 
acteristic anilide (m. p. 135-136"). On treatment with sodium metaperiodate, 2 : 3-dimethyl 
i-thamnose (I) was oxidised to a small extent, some 10% of the theoretical quantity of 
periodate being consumed, probably because the hydroxyl group on C,,, is masked by the 
relatively stable pyran ring, so that only the aldehydic form (I-A) (which possesses the 
necessary contiguous hydroxyl groups) will be oxidised. Bell (J/., 1948, 992) and Hirst 
and Jones (J., 1949, 1659) have observed that other methyl sugars behave in an anomalous 
manner towards periodate. 3: 4-Dimethyl t-rhamnose (II) (Bott, Haworth, and Hirst, /., 
1930, 1305; Levene and Kreider, J]. Biol. Chem., 1937, 120, 602) consumes 70% of the 
theoretical amount of periodate and yet yields only 10% of the theoretical quantity of formic 
acid. This indicates the formation of 70% of a formyl! ester (111) on oxidation, the free formic 
acid arising from either the oxidation of the aldehydic form (I1-A) or the hydrolysis of the 
ester (111) (cf. Halsall, Hirst, and Jones, J., 1047, 1430; Meyer and Rathgeb, Helv. Chim. Acta, 
1949, 32, 1102). 

A similar synthesis of 2 ; 3-dimethy! t-rhamnose has been achieved by Percival and Percival 
(lee. ext.), whose work was carried out simultaneously with ours but quite independently. 
Through the kindness of Dr. E. G. V, Percival we were able to compare his product with ours. 
Each dimethyl rhamnose moved at the same rate on the same paper chromatogram and they 
gave identical colours with the aniline trichloroacetate reagent. Schmidt, Plankenhorn, and 
Kubler (Ber., 1942, 75, B, 579) have also prepared 2: 3-dimethy! L-rhamnose +47°6"), 
a syrup, by an alternative method via the | ;: 5-dibenzy! 2 : 3-isopropylidene compound. 

Contineous extraction of the alkaline solution (4; see above) with chloroform afforded a 
mixture of 2- and 3-monomethy! L-rhamnosides, which could not be separated by partition 
chromatography on cellulose. An estimate of the amount of periodate consumed by the 
mixture and of the acetaldehyde produced showed that they were incompletely oxidised. 


EXPERIMENTAL. 


4-Benzoyl 2 3-isoPvopylidene chloride (2-2 ml.) was added with 
shaking to a solution of 2: 3-dsepropylidene «-methy!-t-rhamnoside (2-2 g.) (Levene and Muskat, 
lee. eit.) in dry pyridine (5 ml.), and the mixture was set aside at room temperature overnight. The 
whole was dissolved in chloroform (50 mi.) and then washed with successive portions of water, dilute 
hydrochloric acid, dilute sodium bydroxide solution, and twice more with water. The chloroform 
solution was dried (MgSO,), filtered, and evaporated under reduced pressure to a pale yellow syrup 
which, on cooling, crystallmed. The rhamnoside rec llised from light petroleum (b. p. 60-80") in 
the form of white needles (3-4 g.), m. p. 97-98", (a)? —2° (c, 2-14 in met ) (Found: C, 63-5; H, 
60. C,,H,O, requires C, 63-3; H, 68%) 

4-Bensoyi —-4-Be 12: lidene a-methyl-.-rhamnoside (3-3 g.) 
was dissolved in glacial acetic acid (20 ml.) and heated on a Pouing water-bath. Water (100 ml.) was 
added in small portions during |} hour. After 1} hours the solution was evaporated at 40° under reduced 
pressure to a syrup (2-5 g.) which partly crystallised. 

4-Benszoyl 2: 3-Dimethyl a- a-methyl-t-rhamnoside (2-5 g.) was 
methylated with Purdie’s reagents and the product (2-3 g.) isolated in the usual manner (Found : OMe, 
25-6. Cale. for C,,H,O,: OMe, 30-0%) 

2: Dimethyl dimethyl compound (2-3 g.) was hydrolysed in potassium 
hydroxide solution (10%; ml.) for | on a boiling water-bath. The solution (4) was 
then extracted with chloroform (4 « 50 mi.), and the combined chloroform extracts were dried 
{MgSO,) and evaporated ander reduced pressure to a syrup (0-835 g.). The product was distilled in a 
vacuum, yiekiing a colourless syrup, (a)p — 14° (c, 1-4), 1-4565 (Found ; OMe, 38-6. Cale. for 
OMe, 451%) 


2: 3-Dimethy! t-Rhamnose —The (0-485 ¢.) was hydrol in 0-5n-sulphuric 
acid (25 ml.) on the boiling water-bath, [alo 34° 808: 


; 
a 
| 
| 
i 
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0° (1 hour); bahay oy (3 hours); +32° (4 hours; constant). The solution was 
chromatogram the product was observed to contain largely dimethy! rhamnose (Ng 0-83) with traces of 
trimethy! rhamnose (Ng 1-03) and ethyl rham (Re 045 and 0-47; spots over » & 
solution (2-5%) of aniline trichloroacetate te in glacial acetic acid was used for the detection of t e methyl 
rhamnoses on the paper. When heated, 2: 3-dimethy!l rhamnose and the monomethy! rhamnose 
spots became reddish-brown, whereas those of 2: 3: 4-dimethy! rhamnose became 
mixture (0-25 g.) was ed on a lulose using a mixture of »-butanol 

t petroleum (b. p. 100-130") (7 parts) as ty mobile phase (cf. Hough, Jones, and 

After separation, 2: 3-dimethy! t-rhamnose was obtained, on removal of the 

be me by distillation under reduced pressure, as a syrup (0-1 g.), [a)p +425" (¢, 0-82), Rg 0-83 (Found : 
OMe, 31-6. C,H, os, uires OMe, 32-53%). A portion (6-32 mg.) was treated with sodiom meta- 
from an Agla micrometer syringe) at room temperature for 3 hours. An 

conmamed by the of am exces of arene (6 mi.) and 

back-titration with 0-0160n-iodine (16-7 mi.) revealed that only about 10% of the 2 : 3-dimethy! 
rhamnose was ee A control determination was carried out on | mi. of periodate (0-2u.) and 5 mi 
of arsenite (0-142x.) ; . ns 17-15 ml. of 0-0169n-iodine. Another portion (50 mg.) was converted 
into the crystalline snilide y the method of Percival and Percival (lec. cif.). The product was washed 
with a little ether to remove excess of aniline. The slightly impure enslide was recrystallised from 
ether—ligh and then had m. p. 135--136" (yield, 89%) (Found: OMe, 230. Cy 


requires O 23.2%), not depressed on admixture with an authentic specimen supplied by Drs 
and E. G. V. Percival 


—The alkaline solution (4) above was extracted continuous! 
. The extract was dried (MgSO,) and evaporated to a -_ (0-27 ¢ 
1-4700, +31° (c, 1-2) (Found: OMe, 28-7. Calc. for OMe, 32-3%) The prod 
g). in 0-5n-sulphuric acid (25 mi.), was heated on the boili water-bath fale +31" oa 
value) —> +40" (5 rs; constant). The solution was neutral with Amberlite resin IR-4B and 
evaporated to a syrup (0-14 g.) which was examined on the paper chromatogram. It consisted mainly 
of monomethy! rhamnoses (No 0-45 and 0-42; spots overlapped) with a trace of 2 : 3-d hy! rh 
The product was purified by partition egg ym on a column of cellulose, using »-butanol half- 
saturated with water as the mobile phase. ethy! rh were not ated one from 
another but t from the 2: rhamnose to yield a 06 g.) (Found : 
One, C,H,,0,: OMe, ). Oxidation of a portion ( 3 me) with sodium 
(0- 2 mi.) showed that the hyl 
periodate, which is half of the ‘oscetionl quantity. Oxidation of another on 
sodium metaperiodate for 3 hours and determination of the acetaldeh —— produced by the method of 
Nicolet and Shinn (/. Amer. Chem. Soc., 1041, 63, 1456) gave 64% of acetaldehyde, proving that the 
oxidation under these conditions was incomplete. 
Periodate Oxidation of 3: 4-Dimethyl L-Rhamnose.—3 : 4-Dimethyl t-rhamnose (25-6 mg.) was 
treated with sodium metaperiodate (0-2m.; 1 mi.) for 3 hours at room temperature. An estimate of 
a, consumed (0-0103 mil. of x-sodium iodate), by the method described above, showed that 
mole of periodate was consumed per of dimethy! rhamnose. Oxidation of another portion 
(11-97 mg.) with sodium metaperiodate (0-2m.; 1 mi.) and determination of the formic acid liberated 
after 3 hours by the addition of ethylene glyco! (2 ml.) to destroy the excess of te followed by 
titration with 0-0LNx-sodium hydroxide (0-57 mi.) gave about 0-1 mole of formic acid per mole of dimethyl 
sugar. Further acidity developed on storage. 


We thank Professor E. L. Hirst, F.R.S., for his interest and advice and Monsanto Chemicals Led. 
for the award of a Fellowship to one of us (L. H.). 


Tae Universtry, Barstor. (Received, January 20th, 1900.) 


231. Syntheses of Certain Thiazolopyrimidines 
(4: 5:6: 9-Tetrahydro-1|-thia-7 : 9-diazaindanes). 
By P. J. and T, K. Waker. 


N-a-Car derivatives of 2-amino-5 ; 5-dimethyl-4-thiazolone have been synthesised. 
When they are heated at temperatures somewhat below their melting ts they lose water to 
: 2-a)pyrimidines). The yield is increased when the heating is conducted in vacuo. 


ConsipERATION of the types of physiological activity promoted in certain molecules by the 
presence therein of the system -CO-CR,R,°CO» (cf. Robinson, Suthers, and Walker, Biochem. j., 


1932, 26, 1890) suggested that antibiotic properties might be associated with molecules of type 
(Ia = Ib), and this communication describes syntheses of three compounds considered to be of this 
type in which, in all cases, R, =~ R, = Me and R, = H, while in the several cases R, is Pr’, 
Bu®*, and »-amyl. 

a-Bromoisobutyric acid was condensed with thiourea in absolute ethyl alcohol to yield 
2-amino-5 : 5-dimethyl-4-thiazolone. Attempts to condense this with ethyl malonate under 
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various conditions were without success. In place of this ester the more reactive alkyl-sub- 


gin Ay 


” (hb) 


through the intermediary formation of the hypothetical type (iJ). It would be reasonable to 
suppose that in such a structure cyclisation could be effected by migration of the hydrogen 
atom at (x) to the ring nitrogen atom (y), followed by elimination of hydrogen chloride. This 
would parallel the well-known tautomerism of the amidines (cf. Shriner and Neumann, Chem. 
Rev., 1944, 35, 378; Pyman, J., 1923, 123, 361, 3359) and would be facile or otherwise according 
to the degree of basicity of the ring nitrogen atom (y). henage amg <o Dains and his co-workers 
indicate that such a migration can oceur (/. Amer. Chem. , 1933, 65, 3850; 1935, 57, 21: 
1936, 568, 2544; Chem. Abs., 1938, 32, 3396). However, rate n-propyl-, #-butyl-, and »-amyl- 
malony!| chloride were brought into contact with 2-amino-5 : 5-dimethy!-4-thiazolone in anhydrous 
pyridine of in dioxan, only one acid chloride group reacted in each case, the expected cyclisation 
did not occur, and the ultimate product in each instance contained a free carboxy! group. 
On analysis, all these products proved to be of type (Il; R = Pr, Bu, or amyl) in which COC! 
had been replaced by CO,H. The »-buty!l compound had an equivalence of 2 and yielded a 
di-p-bromophenacy! ester, owing to enolisation. On these grounds it is presumed that the three 
acidic products are, respectively, 2-(2-carboxy-n-valerylamido)-, 2-(2-carboxy-n-hexoylamido)-, 
and 2-(2-carboxy-#-heptoylamido)-5 : 5-dimethyl-4-thiazolone. When each of these substances 
was heated carefully at 10—-20° below its m. p., in every instance water was formed and a colour- 
less crystalline solid sublimed. Later, better yrelds were more quickly obtained by conducting 
the heating at 0005 mm. pressure. From their analyses and properties we consider these 
dehydration products to be 3: 4: 6-triketo-2 : 2-dimethyl-5-n-alkyl-4 : 5: 6: 9-tetrahydro- 
1-thia-7 : 9-diazaindanes (Ia) : 5: 7-triketo-2 : 2<limethyl-6-n-alkyl-2 3: 6 7-tetrahydro- 
5-thiazolo/3 : pyrimidines (16)}, the n-alky! group being propy!, butyl, and amyl, respectively. 

These structures are assamed because it is not obvious in what position in the thiazolone ring, 
other than at the nitrogen atom, condensation with the carboxy! group could have occurred. 
It might be argued that an alternative possibility would be the migration of the hydrogen atom 
at (*) to the ring carbonyl group (2), followed by elimination of water from the condensation 
of the resulting enol group with the carboxy! group; but such a migration would involve the 
setting up of a system (IIT) of three conjugated double bonds which, lying in one plane, would 
prevent the approach of the carboxyl group to the enol group at (z). That such would be the 
case was demonstrated by the use of Fischer models. On the other hand, by the use of these 
models the possibility of ring closure at (y) was definitely established. 

Moreover, our case for ring closure at the nitrogen atom receives support from the work of 
Bogert and Masters (J. Amer. Chem. Soe., 1942, 64, 2700, 2712), who synthesised a series of 
analogous substances (type IV), by condensation of 2-aminothiazoline with substituted ethy] 


ty) 


malonates. Finally, the allocation of structures of type (I) is sciteii by the fact that all 
three substances were stable to dilute hydrochloric acid bet were readily disrupted by warm 
dilute aqueous sodium hydroxide, to give the original three thiazolones (type II, in which 
COC] i# replaced by CO,H) from which they had been prepared (analysis, mixed m_.p.s). 
Incidentally, use of the Fischer models showed that in (II) the gem-dimethyl group should by 
steric hindrance prevent condensation of the adjacent carbonyl group with 2: 4-dinitrophenyl- 
hydrazine and other ketonic reagents, and this deduction was verified. 

The 6-n-buaty! compound of type (I) was tested for bacteriostatic activity against Escherichia 
coli, Mycobacterium phlei, Staphylococcus albus, Pseudomonas pyocyanea, and Chromobacterium 
prodigiosum severally in nutrient broth. It showed a slight activity towards the first three 
organisms, whose growth it suppressed at a concentration of 1 in 2000 (w/v). 


3 
5 
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(1950) (4:5: 6: 9-Tetrahydro-|-thia-7 : 9-diazaindanes). 


EXPERIMENTAL. 
(M. p.s are corrected.) 


2-{ 5-dimethyi-4-thiasolone —Condensation 
with thiourea gave 2-amino-6 5-dimethy!-4-thiazolone, m. p. 241—242° 

1930, 68. 2137; Doran and Schonle, /. Org. Chem., 1038, 8, 193). This 

anhydrous dioxan (100 mi.), and a solutioa of #-propyimalony! chioride 

(20 ml.) was added. After | hour's heating under reflux, a precipitate of he hydrochloride of some 
with water and with ether (20 mi.) and, on cooling been Three recrystallizations trom aqueous 
ethy! alcohol gave the colourless thiazolone (2:2 = * (decomp.). A further quantity 
) was deposited from the mother-liquors of after 3 standing (Found : 

101. ,O.NS requires N, 1-1%). Use of dried pyridine in place of anhydrous dioxan 
in the above condensation usually gave lower 

The comp i was soluble in dilute sodium hydroxide and was reprecipitated anc on 
acidification of the solution. It failed to react with 2 : 4-dini thydrazine, hydroxylamime, semi- 
carbazide, or 3: 5-dinitrobenzoy! bromide, and also failed to y & picrate or to form a compound with 
s-trinttrobenzene. 

Effect of heat om the thiarolone. 1-40 G. of the thiazolone was heated in a small flask at 180° in an oil- 
bath. After § hours, traces of liquid had collected on the upper part of the neck of the flask, and, below, 
a colourless crystalline sublimate (0-5 g.) had settled on the glass. The liquid was water (neutral reaction, 
and restoration of colour to anhydrous copper sulphate), The sublimate, after recrystallization, had 
m. p. 213-214". In a similar ex ment heating was carried out at 185°/0-001 mm., and in 2 hours 
the yield of sublimate was 0-4 g. from 0-5 g. of the original thiazolone. The new substance, 3: 4 . 6-tri- 
heto-2 2-dimethyl-5-n-propyl-4 5: 6: O-tetrahydro-\-thia-7 9-diazaindane, was insoluble in water or 
benzene, slightly soluble in ether, er Tg or carbon —— 2 and more freely in methyl 
ethy! alcohol, or acetone (Found : 524; H, 62; N, C,,H N,S requires C, 52-1; H, 5-6; 
N,11-4%). It wasinsoluble in hydrochloric acid, but in dilute aqueous sodium hydroside 
and subsequent acidification precipitated a substance which, after crystallization from ethy! alcohol, 
had m. p. 203-204" (Found: N, 10-40%), and was identical (mixed m. p. and properties) with the 
thiazolone. 

by condensation of 
a-butyimalony! chloride (3 g.) with 2- amino-6 5-dimethy!l-4- 2 im anhydrous dioxaa, 
according to the procedure adopted for the lower homologue. The precipitated viscid reaction mass 
solidified after it had been washed with water and with ether. Four crystallizations from ethy! alcohol 
afforded colourless needies (2 g.), m. p, 205-—206" (decomp.) [Found : C, 50-6; H, 62; N, 100; §, 08%; 
M (Rast), 283. C,,H,,O.N,S requires C, 00; 63; N, S, 11-29%: Mf, 286). This thiasolons 
was soluble in dilute aqueous sodiam hydroxide and was an hanged on 


of the solution. Ap mmuphenac yi re by the 4 aud Reid (J. Amer, Chem. 


Soc., 1920, 42, 1043), had m. p. 162—- (Found: Br, 22-9. 1,,0,N requires Br, 235%). 
Electrometric titration showed that the exercised an equivalence of 
E fleet of heat on the thiazolone. The thiazolone (10 g.) was heated at Ls” i a pressure of 6-001 — 
0-006 mm. Water was liberated and a solid (0-0 g. having Fi 2/0—211° not ramed by tecrystal- 
lization from chlorobenzene (Found: C, 53-6; H, 6-0; ion. 1,,O,N,5 requires C, 63-7, H, 60; 
N, 104%). This 3: 4: 6-ériketo-2 : 2-dimethyi-5-2- 4:56: 9-diataindane 
had properties similar to those of its lower homologue, and on treatment with aqueous sodium hydroxide 
and subsequent acidification of the solution it yielded the original thiazolone, m. p. 205-206", us- 
depressed by admixture wrth the authentic preparation (Found: N, 99%) 
5-dimethyl-4-thiazolone.—To solution of 2-amino-5 5-dimethyl- 
4-thiazolone (10 g.) in boiling anbydrous dioxan (300 ml.) was added »-amylmalony! chioride (55 g.) 
in anhydrous dioxan (100 mi.). A white precipitate formed immediately eating was continued 
1 hour, the suspension was then filtered hot, = Rw filtrate poured on a mixture of crushed swe (S00 g ) 
and concentrated bydrochioric acid (200 mi.). A ey emulsion was kept at 0° and after 12 hours 
a solid (4-5 g.) which, washed and aaa ized 3 times from aqueous ethy! alcohol, formed 
colourless plates, m. p, 176-5", After 2 weeks the reaction mother-liquors had deposited a further 2 g. 
of the same product (Found: N,@3. C,,H,,O,N,S requires N, 93%). The properties of this thiarolone 
were similar to those of its analogues. 
Effect of heat on the thiarolone. 3:4 6-Triketo-2 : 2-dimethyl-5-n-amyl 4: 5: 6: 
0-diazamndane collected as a “Tee (O-8 §) | ) when the thiazolone (10 g.) was heated at 160° for 
4 en at 6-001—0.005 mm. The m was r 156°, unchanged after recrystallization from chioro- 
benzene (Pound: C, 550; H, 64; N, Pio. I wh ,O, N.S requires C, 563; H, 61; N, 08%). The 
homologues, and on treatment fret with dilute 
aqueous sodium bydroxide and then with hydrochloric acid there was regenerated the parent thiazolone, 
m. p. 176-5", undepressed by admixture with the authentic preparation. 


Cottece or Tecunwotocy, Universtry of (Received, August 10th, 1949.) 
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232. Quinamine. Part IV. Sulphobenzeneazoquinamine and Nitration 
and Oxidation of Quinamine to 3: 6: 8-Trinitro-4-hydrozyquinoline. 
By (Miss) G. Bewxpz, C. J. Cotvenor, L. J. Gotpsworrmy, K. S. Kirsy and 
Ste Roszrt Rosinson 


It has been established that does not contain an aromatic indole nucieus, since 
it cow ugh Gaston ic acid to form a compound of methyl-orange type. The 
strongly acid r for this indicator shows that the ia of quimamine ws very weakly basic. 
This i apparent from the electrometric titration of wry The product of the action 
of nitric acid on the alkaloid, which is obtained in . is found to be 3: 6: &-trinitro- 
4-hydroxyquinoline. A description of the synthesis of Psp substance, as weil as of related work 
of « preliminary character is included. exhibits a close resemblance in colour 
and ydroq and must be similarly constituted. The chemistry 


In a previous communication (Part II, J., 1945 528) one of us proposed the formula (I) for 
quinamine. While the evidence for the quinuclidine portion of the molecule was conclusive, 
that for the aromatic indole nucleus was based on various colour reactions and the formation 
of 2: 3-dimethylindole in degradations at elevated temperature. 


(2 CHCCH, 
LCHyOH | YN’ 


(The radical inside the broken line is denoted On helow ») @. 


It has now been found that quinamine couples in weakly acid solution with diazobenzene- 
sulphonic acid, forming a compound of methyl-orange type, and that several of its derivatives 
give indications of similar behaviour. It thus appears that the quinamine molecule does not 
contain an unreduced indole nucleus. In order to confirm this conclusion we have synthesised 
2-methy!-3-2’-diethyl xethylindole, which bas a strongly basic group in the side-chain, 
corresponding to the quinuclidine basic centre in formula (1) for quinamine, and have found 
that it does not form a methyl-orange with diazobenzenesulphonic acid. 

Reduction of the quinamine methyl-orange with stannous chloride and hydrochloric acid 
gave a substance whose colour reactions were those typical of p-aminodialkylanilines. 

The indicator change from yellow to red of the methyl-orange takes place between pH 
16 and pH 0-7. For comparison, the indicator ranges for the methyl-oranges from methyl- 
strychnine and diphenylamine were measured and found to be pH 2°6—1°3 and pH 2-9—I1‘4. 
respectively. It is clear that the N(a) basic centre of quinamine is extremely weak. We were 
not surprised, therefore, to find that the electrometric titration curve for quinamine, unlike 
those for cinchonine and quinine, showed no inflexion at the point corresponding to the 
neutralisation of the second basic group. It has, however, been found that the curves for 
tetrahydrostrychnine and strychnidine also show no corresponding inflexion. 

It would appear that the N/a) of these substances, known to be present in a hydroindole 
nucleus, is also very weakly basic indeed, and a 2 : 3-dihydroindole constitution for quinamine 
is evidently not excluded. 

We have observed a very striking resemblance between the colour and fluorescent properties 
of isoquinamine (Part II1, /., 1949, 735) and the 4-ketotetrahydroquinoline, which strongly 
suggests a similarity in structure. Both are bright yellow substances, which give yellow 
solutions with a vivid green fluorescence in alcohol, and colourless solutions with a violet 
fluorescence in benzene. With this in mind we have considered (II) as a possible formula for 
quinamine (Festschrift Paul Karrer, Ziirich, 1949), because it was in fair accord with the known 
chemistry of the alkaloid, including the coupling reaction, and at the same time offered a 
plausible explanation of the isomeric change to an tsoquinamine having the tetrahydro-4- 
quinolone structure (III). Moreover, preliminary work on the infra-red absorption of quin- 
amine by H. W. Thompson showed that a carbonyl! group was not present in the molecule. 

This suggestion was made very provisionally, the phrase actually used being that “ we 
were toying with the idea."" We also contemplated the possibility of a hydroindole constitution. 

It occurred to us that a closer study of the compound C,H,O,N,, which was obtained by 
simultaneous nitration and oxidation of quinamine (Part LI, Joc. cit.), might give further 
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information. The dinitronitrosoindole-2-carboxylic acid structure proposed for this substance 

Dinitrostrycholcarboxylic acid was once thought to be a dinitrodihydroxyquinoline- 
carboxylic acid. It is actually dinitroindoledicarboxylic acid. Could it be that the quinamine 
product, thought to be a dinitro-nitroso-indole-carboxylic acid is really a trinitrohydroxy- 
quinoline ? 


Ait On 


H H 
(111) 

The most likely isomerides of this type were considered to be 4: 6 ; 8-trinitro-3-hydroxy- 
quinoline and 3 : 6 : 8-trinitro-4-hydroxyquinoline and according!y we undertook the syntheses 
of these substances. Eventually we succeeded in making the second compound, and found 
that it was in fact identical! with the substance C,H,O,N, obtained from quinamine. 

This work is described below and its outcome appeared at first to strengthen the case for 
consideration of formula (II). Nevertheless, the quinoline nucleus may have been formed 
by molecular rearrangement from an indole derivative and a suggestion made to us in a private 
communication by Professor V. Prelog concerns a constitution which has affinities with (I) 
and (II) as well as entirely novel features. This formula (IV) is based on highly important 
fresh evidence that wil] be disclosed by Professor Prelog in the near future.* 

At this stage we may note that it implies the structure (V) for quinamicine and (VI) for 
isoquinamine. The necessary transformation of (IV) into (VI) is of normal type, though the 
reagent (sodium amy! oxide) is unusual. 


He CHyOH 
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The anhydroisoquinamines (Part III, Joc. cit.) have only been isolated as salts; they are 
now found to be quaternary salts (VII, for example from dihydroisoquinamine) and their 
solutions give no precipitate on the addition of ammonia. The formula (VI) gives scope for 
stereoisomeric tsoquinamines, which have already been isolated (cf. Part III). 

According to Prelog, apoquinamine should be (VIII) and this formulation clears up its 
relation to quinamine very satisfactorily. 

In collaboration with Dr. S. G. P. Plant a revision of certain structural formula previously 
advanced for derivatives of tetrahydrocarbazole has been proposed (note submitted to Nature). 
This has involved the recognition that the substance previously regarded as ¢-indoxylspiro- 
meee (IX) is actually oxindolespirocyclopentane and the so-called 1)-hydroxytetra- 

(Perkin and Plant, /., 1923, 128, 676) is indeed the indoxy! derivative 
0. These observations removed all difficulties for the formula (VI) for tsoquinamine. 

Both isoquinamine and the “ hydroxytetrahydrocarbazolenine ” (really 1X) fail to exhibit 

the least positive reaction for the groups ~CO-CH,- and —CO-CH: with the sensitive m-dinitro- 
* Added in Now published (Goutard, Janot, and Ta Helv. Chim. Acta, 1950, $2, 150 ; 
Taylor, shad pe J Prelog. ylor, 
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benzene-alkali test in methanolic solution. The tinctorial aad fluorescence properties of these 
two substances are identical. 


CHyCh On 


4 
H c 

Preparation of Various Nitro-hydroxyquinolines.—The synthesis of the trinitro-3-hydroxy- 
quinoline was first attempted by direct nitration of 3-hydroxyquinoline, but no pure product 
could be isolated. Nitration of 3-acetamidoquinoline also failed to give the desired product. 
This substance, which yields a mononitro-derivative on treatment with concentrated sulphuric 
and fuming nitric acids in the cold (Renshaw and Friedman, /. Amer. Chem. Soc., 1939, 61, 
3320), was for the most part destroyed when the nitration was carried out at 60°, although a 

very small amount of a mononitrohydroxyquinoline was isolated. More vigorous conditions 
led to no isolable product. 

The use of 3-hydroxy-i : 2: 3: 4-tetrahydroguinoline appeared to offer some advantages, 
since it was expected that dinitration in the benzene ring would occur with ease, and could be 
followed by aromatisation of the pyridine ring. However, this substance and its I-methyl 
derivative were found to be extremely sensitive to concentrated nitric acid and no homogeneous 
nitration product could be isolated. It is probable that the hydropyridine ring is opened with 
subsequent degradation. Since the l-methy! derivative is very easily prepared by condensation 
of epichlorohydrin and methylaniline (Lange, G.P. 619,825; Davies and Savige, private com- 
munication), it was considered as a precursor of 3-hydroxy-! : 2; 3; 4-tetrahydroquinoline, 
but attempts to remove the methyl! group were unsuccessful. Quinoline was the only substance 
isolated from thermal decomposition of the hydriodide, while reaction with cyanogen bromide 
led chiefly to fission of the pyridine ring. 

Attempts to replace the halogen of 3-bromo-6 : §8-dinitroquinoline by an amino- or phenoxy- 
group led to black infusible products. The substance combines with sodium ethoxide to form 
a nitronium salt, and this reactivity of dinitrobenzene type may well account for the extensive 
decomposition on treatment with bases. 

From 3-bromo-#-nitroquinoline, 3-amino-6-nitroquinoline is readily obtained, but nitration 
of the acetyl derivative of this base was fruitless. 

It became clear that 4: 6: 8-trinitro-3-hydroxyquinoline could not readily be obtained by 
nitration procedures; accordingly a synthesis was initiated which involved the closing of the 
pyridine ring subsequent to the introduction of the three nitro-groups. The intermediate 
required for this synthesis was 4 : 6-dintivo-2-nitromethylantiine (XI), which by condensation 
with chloral or ethyl glyoxylate might be expected to give the compound (X11) (after subsequent 
hydrolysis in the case of chloral). Ring closure of (XII) might then give the desired trinitro- 


CHyNO, 
(X.) XI) (X11) 


NO, 


hydroxyquinoline. The preparation of (XI) was effected in the following way. 4-Nitro-2- 
chioromethylanisole, obtained by chloromethylation of p-nitroanisole, was converted suc- 
cessively into and Nitration of the 
le (X), which was readily converted by aqueous 
ammonia into (XI). The position assumed by the second nuclear nitro-group in (X) was 
proved by nitric acid oxidation of the compound to 3 : 5-dinitro-2-methoxybenzoic acid. 

In the reaction of 4-nitro-2-iodomethylanisole with silver nitrite 4-nsro-2-hydroxymethyl- 
anisole was obtained as a by-product, owing probably to the presence of some silver oxide in 
the silver nitrite. It was found that (XI) was quite inert towards chloral under neutral! or 
acid conditions and that, although there was a reaction with ethyl glyoxylate, the product 
could not be isolated. 

On treatment with acetic anhydride, (XI) afforded 3: 5 : 7-trimitro-2-methylindole (XIII). 


j 
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This was not identical with the 3: # : s-trinitro-2-methylindole of Mathur and Robinson (/., 
1934, 1415) and hence the latter is probably the 3: 4: 6-trinitro-derivative, 


NH-COMe 


The above synthesis is of interest as an example of the dehydration of an o-acylamino- 
toluene in which a methylene group is activated; the method is capable of extension. 

In a final attempt to effect the desired synthesis we treated the anisole derivative (X) 
successively with potassiem and ethy! aminoacetate but although it is probable that the 
expected products, 4: 6-dinitro-2-nitromethylanilinoacetic acid and its ethyl ester, were 
actually formed they were not isolable, and attempted ring<losure with the crude materials 
was unsuccessful, 

Further work on the 3-hydroxyquinoline series was abandoned when our objective was 
reached by parallel experiments in the 4-hydroxyquinoline series. 

In early experiments directed towards the synthesis of 3 ; 6 ; 8-trinitro-4-hydroxyquinoline, 
we examined’ the action of nitric acid on N-acy! derivatives of 4-ketotetrahydroquinoline (Clemo 
and Perkin, /., 1924, 125, 1608). It was found that the toluene-p-sulphony! and acety! 
derivatives of 4-ketotetrahydroquinoline, when heated with concentrated nitric acid in acetic 
acid solution, gave the same product, a sparingly soluble micro-crystalline compound, 
CygH,,O0,N,, of high melting point and nitrophenolic character. The composition suggests 
the formula (XIV) though it is extremely difficult to see how it comes about that such a sub- 
stance is formed under the conditions of the experiment. 

4-Hydroxyquinoline, heated with mixed acids, gave a dinilro-4-hydroxyquinoline, differing 
in this respect from 2-hydroxyquinoline which forms a trinitro-derivative under the same 
conditions. Suspecting (wrongly, as it turned out) that the dinitro-derivative was 6 : 8- 
dinitro-4-hydroxyquinoline, we attempted to establish its constitution synthetically by ring- 
closure of 5-nstro-2-for ‘ oe (XV) to 6-nitro-4-hydroxyquinoline, followed by 

formamidoacetophenone with 


co 


CH, 

N \ N 
(XV (XVI) 


(Ber., 1901, 34, 1709) in his synthesis of 4-hydroxyquinoline from o- pacet 
it was (XVI), a dinitro-derivative of tso- 
flavanilin. The formation of this compound might be expected to take place by the action 
of the alkali in first splitting off the formyl! group, and then converting the 6-nitro-3-amino- 
acetophenone into the dinitrossoflavanilin, just as this reagent converts o-ami 
into tsoflavanilin itself (cf. Camps, Ber., 1899, 83, 3231). The correctness of this interpretation 
of the reaction was confirmed by the preparation of the same compound by the action of alkali 
on §-nitro-2-amsnoacetophenone. 

While this work was in progress a note was published by Adams and Hey (/., 1049, 255), 
in which they proved that the mononitro-4-hydroxyquinoline, made by nitrating 4-hydroxy- 
quinoline with fuming nitric and sulphuric acids under the conditions described by Gouley, 
Moersch, and Mosher (J. Amer. Chem. Soc., 1949, 69, 303), is the 6-nitro-compound. We have 
prepared 6-nitro-4-hydroxyquinoline by following the procedure described in this note, and 
have converted it by nitration into the dinitro-derivative which we obtained by the direct 
nitration of 4-hydroxyquinoline. Although it seemed probable that the second nitro-group 
would enter the 8-position, it was found that the same dinitro-derivative was formed by the 
action of fuming nitric acid on 3-nitro-4-hydroxyquinoline, showing that in the nitration of 
6-nitro-4-hydroxyquinoline the second nitro-group must have gone into the 3-position. This 
dinitro-compound, now shown to be 3: 6-dimitro-4-hydroryquinoline, was first prepared by 
Simpson and Wright (J., 1948, 2023), who were uncertain of its structure, by dinitration of 
4-aminoquinoline and replacement of the amino-group by hydroxyl. 


OH _NO, 
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Measurements of the infra-red spectra of our three preparations have been used to demon- 
strate their identity. 

It has long been known that 4-hydroxyquinaldine is nitrated in the 3-position by con- 
centrated nitric acid (Conrad and Limpach, Ber., 1887, 20, 950), and we find that 4-hydroxy- 
quinoline behaves similarly, giving 3-nitro-4-hydroxyquinoline, mixed with a second product, 
probably the 6-nitro-compound. 3-Nitro-4-hydroxyquinoline is the sole product when 45% 
nitric acid is employed. Further nitration of 3-nitro-4-hydroxyquinoline with mixed acid 
gives a trinitro-derivative, presumably 3 : 6 : 8-trinitro-4-hydroxyquinoline, m. p. 296° (decomp.). 
which is mach more soluble and tractable than the mono- or the dinitro-4-hydroxyquinolines. 

When our specimen of the compound, C,H,O,N,, isolated several years ago, was found to 
have deteriorated on keeping, the nitration oxidation of quinamine was repeated (with modific- 
ation of the final treatment and isolation) and the compound, m. p. 296° (decomp.), obtained 
in about 3% yield. Its properties were the same as those of 3: 6: 8-trinitro-4-hydroxy- 
quinoline, admixture with which caused no depression of the melting point, and the charac- 
teristic infra-red spectra of the two compounds were identical. 

In view of the above discussion this result is not now interpreted on the hypothesis that 
quinamine is a quinoline derivative. It seems certain that the quinoline nucleus is produced 
in the course of the complex processes that must occur in the nitric acid degradation. It is 
significant that similar nitration-oxidation of isoquinamine was found to yield no trace of the 
trinitrohydroxyquinoline. 

The rearrangement of the substituted indoxy! is hardly feasible whereas the skeleta) change 
in quinamine is that shown below. 


EXPERIMENTAL. 

Pp A cold solution of quinamine (1-56 g.) in N-hydrochloric acid 
(25 ¢.c.) was mixed with one of sulphanilic acid (1-86 g.) diazotised in the usual manner. The red 
Gece of which separated in a few hours, was collected and dissolved in aqueous sodium carbonate 
65 


Sulphobensenes 


«.c, of 10%), and the solution diluted with water (100 c.c.), filtered, and acidified with hydrochloric 
acid. The hydrochloride of the methyl-crange gradually separated in long, dark red needies. The 
free azo-aulphonic acid was obtained as a yellow precipitate by adding acetic acid to a solution of the 
sodium salt. It crystallized from hot water, in which it is very sparingly soluble, as orange-yellow, 
flat prisms (Pound: C, 560: H, &7; N, 11-1; S, 63; loss at 130° in high vacuum over phosphoric 
anhydride, 42%. requires C, 57-4; H, 54; N, 10-7; S, 61; 1-6H,O, 5-2%). 

The indicator ranges of the various sulphobenzene-azo-derivatives were approximately determined 
by adding solutions of the colouring matters to hydrochloric acid of known pH. Comparable, indeed 
almost identical, changes of yellow to red occurred as follows: S-B-A-quinamine, pH 1-5 to 0-7; 
S-B-A-methylstrychoine, pH 26 to 1-3; S-B-A-diphenylamine, pH 2-9 to 1-4. Red acid solutions 
of sulphobenzeneazometbyistrychnine become yellow on keeping, clearly as the result of the formation 
of sulphobenzeneazomethyistrychninium salts. In the latter N(a) is not aminic but amidic and the 
substance is not an indicator 

Reduction.—The free azo-sul ic acid (1-2 g.) was shaken with stannous chloride (1-2 g.) and 
hydrochloric acid (10 cc. of 1:1), and a pale w stanne-complex was formed. This was decom- 

by the addition of water and zinc, and the filtered solution basified and extracted with ether 
reddish product was taken up in hot water and on cooling separated as a yellow precipitate which 
was collected and not farther purified. The hase showed colour reactions of a typical p-aminodialkyl- 
aniline derivative. With ferric chioride alone the colour produced was reddish-brown, whilst with 
ferric chloride and dimethylaniline it was blue. Ferric chioride and 2 : 4-diaminotoluene gave a blue- 
violet coloration, becoming red on warming (eurhodine formation). With ferric chloride and hydrogen 
sulphide a weak violet colour was developed 

Quinamine methochloride (Part I, /., 1945, 526) also afforded a methyl-orange on coupling with 
diarobenzenesulphonic acid in an acid medium. This showed the typical indicator change at a low pH. 

Electrometric Titration of Weak Bases, including Quinamine.—A solution of aniline hydrochloride 
has pH about 2 and the titration curve has one inflexion, being relatively flat near pH 4 (Hildebrand, 
J. Amer. Chem. Soe,, 1913, 35, 859). The dissociation constants of aniline and quinoline are of the same 
order of magnitude, and the second dissociation constants of cinchonine and quinine are not very different, 
being one-half to one-third as great. 

We have been able to reproduce the results of Schoorl (Rec. Trav. chim., 1922, 41, 228) who found 
a double inflexion of the titration curve of quinine, corresponding to neutralisation of basic centres in 
the regions of pH 6-1 and 3-5. Under similar conditions quinamine is disclosed as a much weaker base 
than quinine, for, whereas quinine monohydrochloride formed a solution of pH 6-1 (cinchonine sulphate, 

635, cinchonine methochloride, pH 7-1), an equivalent solution of quinamine hydrochlor had 
pH 24. There was no inflexion on the curve (from pH 1-0) corresponding to the neutralisation of a 
second basic centre. The curve for isoquinamine was practically identical, as was also that for quin- 


¢ 


chonine methochlonde (pH 7-1) gave a strong inflex 
These contrasts did not seem to harmonise with the 
couple with diazo-salts which undoubtedly argued a 
rychnine and strychnidine it was found 


cont with theve abeorvations 
of aniline or quinoline, and it would be consistent with these 
a hydro-tndole derivative. 

2-Methyl-3-2' -diethyl. cthylindole.—A mixture of (15-7 g.) and 
phenylhydrazine (10- 10-8 g.), to which 2 drops of glacial acetic acid were added, was kept overnight and 
then heated on the steam-bath for an hour. A benzene solution of the phenylhydrazone was dried 
with potassium carbonate, the solvent removed by distillation, and the residue heated with zinc chloride 
(61 g.) at 180°. The product was steam-distilled, isolated by means of ether, and distilled as a yellow 
= b. p. 172-—~173°/3 mm., which solidified in contact with ether (Found: C, 784; H, O4; N, 120. 

sH,N, requires C, 78-2; H, 96; N_ 122%). The direction of ring-closure is indicated by absence 
strong reaction with Ebrlich’s 

When a cold solution of the indole indole Gerivative (1-18 g.) ia w-hydrochloric acid (25 ¢.c.) was added to 
a suspension of diazobenzenesulphonic acid (0-86 g.), a brown colour developed on long storage, but 
no methyl-orange was formed 

Nitration of 3-Substetuted Qu ds (cf. Mills and Watson, /., 1910, 97, 753; Edinger, /. pr. Chem., 
1896, 64, 358; Renshaw and Friedman, /. Amer. Chem. Soc., 1930, 61, 3320, for 3-bromoquinoline and 
ee A solution of 3-acetamidoquinoline (5-5 g.) (Mills and Watson, loc. et/.), in con- 
centr sulphuric acid 25 c.c.) and nitric acid (15 c.c., d 1-5), was kept at 60° for hour, 
being maintained by the heat of the reaction, and then heated on the steam-bath with occasional shaki =| 
for 1} hours; the mixture was cooled and added to ice. The brittle red uot (1-45 g.) was crystal 
several times from alcohol and ided grey, micro-crystalline material (decomp. 
to be a mononitrohydroxyquinoline (Found: C, 56-8; H, 3-8; N, 146. Cale 
H, 3-2; N, 147%). A number of further experiments in this series gave unsatis 
tt was deemed necessary to resort to the nitration of 3-substituted hydroquinolines. 

3-Hydroxy-1 2: 3: and Haskell Amer. Chem. Soc., 1044, 66, 
1169) prepared this compound in small amount by hydrogenating 3-hydroxyquinoline, using a palladium 

ge catalyst. We have found that the reduction can be effected more casily ah om and alcohol. 
ium (15 g.) was added to a boiling solution of 3-hydroxyquinoline (4-7 g.) in alcohol (04 c.c.) dur 
14 bours. The mixture was diluted with water and concentrated, and the product isolated by means 
ether. It crystallised from light petroleum (b. p. 60-—80°) in colourless needles (1-6 g.), m. p. *7° 
Found : C, 72-35; H, 79; N,&75. Cale. for CJH,,ON: C, 72-5; H, 74; N, 04%). Cavallito aad 
askell give m. p. 93°, but recrystallisation did not raise the m. p. of our imen. Nitration of this 
substance under various conditions gave products that could not be pu: and appeared to result 
from more or less profound decomposition. 

3-H ydroxy-\-methyl-1 2: 3: base was obtained by condensation of 
epichlorohydrin with methylaniline by the procedure of Lange (loc. cit.) with slight modification. 
heating the reaction mixture at 140—145° in an atmosphere of nitrogen for 104 hours, and finally dis- 
tilling at a lower pressure (1-5 mm. instead of 12 mm.) with a good column, the yield was increased 
—- 25% product was an extremely viscous oil, b. p. 130-—-133°/1-5 mm., which became 

ue on exposure to the air; the picrolonate crystallised from alcohol in clusters of orange needies, m p: 
182—183° (decomp.) (Found: C, 561; H, &2; N, 163. Calc. for C,,H,ON.C,.H,O,N,: C, 56 
H, 49; N, 164%). Davies and Savige (private communication) gave m. p. Yss° | (decomp.). To ensure 
that the oil was a hydroxyquinoline derivative and not the isomeric ethylene oxide, it was treated 
with acetyl chloride, which would acetylate the former but add to the latter to form a chloroacetate. 
The oil (15 g.) was heated at 50° for § hour with an excess of acetyl chloride, and the mixture poured 
into water, neutralised with ammonia, and extracted with ether. 

mm. (Found : C, 70-3; H, 7-6; N, 72. C,H requires C, 70-25; H, 73; N, 68%). 
requires C, 50-6; H, 66: N, 59%). The substance is probably 3-aceloxy-|-methyl-1 : 2: 3: 4-tetrahydro- 
Enon The action of nitric acid on this base led to no clear-cut results though a substance, possi 

oH OsNy was isolated after treatment first with dilute and then with concentrated nitric acid at 0°. 

Attemp ted Demethylation of 3-Hydroxy-\-methyl-\ : 2 : 3: 4-tetrahydroquinoline.—(1) A mixture of 
was distilled (bath at "). The red oil 80 obtained was found to consist of unchanged base (picrolonate, 
™m. p. fear ge and quinoline (picrate, m. p. 199—200°, undepressed mixed m. p., and analysis) 
together with hydroquinolines. 

(2) A mixture of the base (46 g.) and cyanogen bromide (33 g.) was heated until reaction began. 

tem ture remained at 40° for an apn pds mong, ae pa perm After 12 hours the mixture 
with ether and water, and a solid residue (4, 63 g.) collected. The sg Spy 
extracted with other, and the extract combined with the ether 
110°/1 mm. (Found: C, 56-3; H, 5-7; N, 81; Br, 25-06 


It was soluble in dilute acid, 
imoline. -—6 §-Dimitroquinoline was prepared from 4-dinitroaniline follow - 
brominated according to the method of Claus and Hartmann (/. pr. Chem., 1896, 
ile—p ‘de in a sealed tube at 155°. The product was purthed 
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amine methochioride. The pH of a solution of the pure quinamine methochloride in water was 6-7, 
the contrast with quinamine hydrochloride being of course due to absence of salt hydrolysis. Cin- 
he centre of which was at pH 3. 
ability of quinamme and its methochloride to 
of for N(a); but on titrating 
hat no indication of the basicity of Nis) was 
observe wn t i at part of the ve extends from near pH 2-45 to pH 8 
with loss of hydrogen bromide, becoming dark red. It formed a picrolonate, orange prisms (from 
alcohol), m. p. 152-—-153° (decomp.) (Found: C, 0-1; H, 40; N, 143; Br, 168% fhe solid (A) 
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by passage of its solution in benzene through a column of alumina, on which the compound is visible 

absorbate. 6: &-Dinitroquinoline (32-2 g.) gave 3-bromo-6 §-dinitroquinoline 
69%), which crystallised from alcohol as colourless m 158-159" (Found: C, 

ym BF and Hartmann (Joc. cif.) record the m. p. as 120° . which was 

exhibits very marked tribvelectric effects, but only when pure. 

when treated with sodium ethoxide tn alcobolsc (or benzene) solution. Heating in a sealed tube at 

100° for 20 hours with an excess of « ammonia and a trace of copper gave 

an teccluble tar which still contained halogen. Reaction with potassium phenoxide ander ‘s 

usual conditions also produced a tar 

3- of winoline (47-3 g.) (prepared 

Skraup synthesis as above; yield, 67%) was heated under reflux at 155-— 16" (oil-bath) for | hour. 

mass soon liquetied, but after minutes resolidified, some bromine and bromide being 
arg The prodect, after trituration with water, was practically pure 3- 6-nitroguinoline 
wd ng m. p. 164-166", and, on neutralisation ee the washings, 6-4 ¢ of 6-nitroquinoline were recovered 
based on 6-a:troquinoline used, of the bromonit after 
m.p. 170° (Claus and Hartmann, Joc. cif., gave m. p. 

6 Nutro-3 line._-A mixture of 3-bromo-6-nitroquinoline (2 g.), (0-2 g.), and 
concentrated aqueous ammonia (8 ¢.c.) was heated in a sealed tube at 0" for 17 how The product 
was extracted with a large volume of benzene which on concentration deposited bright red needies, 
m. p. 240-250" (0-05 g.. 63%) (Found: C, 872; H, 40; N, 22-6. CH,O,N, requires C, 57-1; H, 
37; N, 223%). The substance is ringly soluble in benzene and readily soluble in acetone. Reflux- 
ing the amine (0-85 g.) in acetic anhydride (4 ¢.c.) for 5 minutes and pouring the uct into water 

ve the acetyl wy ery (1-02 g., 08%), pale yellow needles (from water), m. p. 254° (Found: C, 57-1; 
40; N, 170. requires C, 67-15; H, 39; N, 18-2%). 

4-Nttro-2-chloromethylantsole — The procedure of ¢ (Bull, Sec. chim., 1934, 1, 539) for the 
chloromethylation of p-nitroanisole, using paratorm yde and hydrogen ‘chloride, was found to 
give a poor yield. The following method is preferable. A mixture od p-aktsccaiasle (50 g.), di(chloro- 
methyl) ether (50 g.), zinc chioride (9 g.), and carbon disulphide (100 c.c.) was refluxed for 9 hours and 
then cooled, and the organic layer separated (the addition of an equa) volume of ether may be necessary 
since the cooled solution is supersaturated and crystallisation may commence during the working up), 
washed thoroughly with water, dried. and evaporated. Recrystallisation of the residue from a small 
volume of methanol yielded 4-nitro-2-chioromethylanisole, m. p. 77-79" (49-1 g., 74%) 

—A solution of 4-nitro-2-chloromethylanisole (68-9 and sedium 
jodide (57 g.) im acetone (400 ¢.c.) was refluxed for 20 minutes, cooled, and diluted with a large volume 
of water resulting 4-wifro-2-iedomethylanisole (96-2 g., 96%,) was sufficiently pure for use in the 
pext . A specimen was crystallised from alcoho! and obtained as long, cream-coloured 
m. p. 102104" (Pound: C, 333; H, 20; N. 44. C,H,O,NI requires C, 32-8; H, 2-7; N, 4-8%). 

4-Nttro-2-nitromethylanisole.--4-Nitro-2-iodomethylanisole (66-8 g.) in ether (150 c.c.) and benzene 
(250 ¢.c.) was treated gy oe silver nitrite (50 g.), and kept at the room temperature for 3 days 
with occasional shaking. The filtrate from solids was evaporated and crystallisation of the residue from 
little methanol gave (39-1 g., 81%) as puriess needles, m. p. 93-4" 
(Found: C, 46-1; H, 3-6; N, 132. C,H,O,N, wires C, 453; H. 38; N, 13-2%). Evaporation 
of the mother-liquor and cr sation of the ve from benzene yielded 4-nstro-2- 
anisole (54 g., 14%), pale yellow needles, m. p. 122-—123° (Pound: C, 624; H, 49; C,H,OWN 

uires C, 62-6; H, 40; N, 77%). The use of mercurous nitrite, which is claimed by Neagi and 
Adhicary (Z. anorg. Chem., 1911, 68, 270) to give higher yields of phenylnitromethane from benzyl 
chioride than silver nitrite, resulted in a smaller yield im the present case, the product containing a 
higher proportion of 4-nitro-2-hydroxymethylanisole. 4-Nitro-2-nitromethylanisole is readily solu 
in most organic solvents, insoluble in water, and it may be extracted from benzene or ether solution 
by dilute alkalis. Acidification of the alkaline solution with hydrochloric or acetic acid precipitates 
the nitro-, and not the tsonitro-compound, as shown by the melting point and absence of a ferric reaction. 
The nitromethane yields a sodium salt as glistening plates, when dissolved by gently heating with strong 
sodiom hydroxide solution. When heated in a capillary tube over a flame, it explodes violently. 

4: 6 Dinitro-2-nitromethylanisole (X).—4-Nitro-2- nitromethylanisole (10-5 g.) was added slowly to 
an ice-<ooled mixture of concentrated sulphuric acid (40 c.c.) and nitric acid (20 c.c., d 1-5), and the 
mixtare kept at 0° for 45 minutes with intermittent shaking before being poured on ice. The 4: 6- 
dantivo-2-nttromethylanisole (12-6 g.. 99%) was precipitated as a solid only when the 4-nitro-2-nitro- 
methylanisole used was quite pure, otherwise as an ot) which soldified with hithiculty even when seeded. 
It was very soluble in methanol, acetone, and benzene, somewhat less readily so im ethanol, insoluble 
in light petroleum, and it crystallised from methanol in ~ ey >risms, m. p. 65—-66° (Found: C, 
37-8; H. 20; N, 169. C,H,O.N, requires C, 37-4; H, 27; 16.3%). It explodes violently when 
quickly heated in a capillary tube mueryeteeaation ofa saliva speuimen was found to be very difficult, 
and an attempt to effect chromatographic purification was unsuccessful. Purification was best carried 
out by diffusion in the following way. The crude solid was placed in one arm of an inverted wide 

V-shaped tube, which was heated tn a bath at 55°, and several crystals of the pure material were placed 
im the other arm, kept at room temperature, the tube being filled with a saturated alcoholic solution. 
After 24 hours most of the compound was deposited in the cold arm as pure, massive prisms 

The constitution of the compound was confirmed by its oxidation with nitric acid to 3 : 5-dinitro- 
2-methoxybensoic acid. A mixture of the pure substance (0-15 g.) and nitric acid (3-5 c.c.; d 1-5) was 
heated in a sealed tube at 160° for 3 hours, then evaporated in vacuo, and the residue washed with a 
little water. The washed resklue (2-—3 mg.) was almost white, and had m. p. 156-1658", unde 
on admixture with 3: 6-dinitro-2-methoxybenzo acid (prepared by permanganate ‘oxidation of 
3: 5-dinitro-2-methoxybenzakdehyde). When the reaction mixture was merely heated under reflux 
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for 2 hours the 4 : 6-dinitro-2-nitromethylanisole washings 
were yellow, the colo being Yemovel by sci te 


4: (X1).—A solution of 4: 6-dinitro-2-nitromethylanisole (1-2 
at the room temperature for 3 hours, then 
166" (Found 


‘al, end aparinghy 
obtained when the nitro-amme was refluxed with an 


aq 
(decomp. ). ), consisting of a hydrate (Found, in dried material : 
HON, requires C 40-6; H, 2-3; N, 211%). Attempted oxidation of 
acid (trinitrostrychol) was unsuccessful; it was unaffected by refluxing 
with selenium diouide in acetic acid. ot Mad 
Nitration of N- T olmene-p-sulphon —A solution te phony!- 
. (0-75 g.) (Clemo and Perkin, /., 1924, 125, 1608) in acetic acid (5 c.c., 100 
: @ 1-42) on the steam-bath for | hour After addition to ice, 
why Crystallisation from ethyl aloohol (240 c.c. 
335° (decomp.) (Found: C, 566; H, 31; N, 13 
1s ‘The substance 2) gives a bright yellow solution 
y soluble in alcohol, and prac- 


N stration of N- A ahydroguinoline,—4- inoline (0-9 g.) (Clemo and 
doc. cit.) was heated with acetic anhydride (2 c.c.) on ae cee for 15 minutes. On removal 
evaporation under reduced pressure, a 
: The acetyl derivative crystallised from methanol 
as he prisms, m. p. 93° (Found: C, 69-7; H, 60; N, 72. C,,#1,,O,N requires C, 69-8; H, 5-8; 
4%). 

N-Acetyl-4-ket hyd (0-6 g.) was added & 45 minutes to a mechanically stirred 
utd ond 3c.c.; 1-5) at 0° and the conditions 
were maintained for a further 45 minutes. After addition of ice the yellow solid was collected, washed, 
and dried in vacuo at room temperature (0-39 g.), The crude product, after crystallisation from ethyl 
acetate, in which it was easily soluble, had m. p. 110--115°. Recrystallisation from light petroleum 

. p. —80") aie pale yellow prisms of a pure monondiro-derivative, m. p. 121° (Found: C, 56-4; 

43; N, 1240. H,,O,N, requires C, 562; H, 47; N, 116%). Presumably the nitro-group in 
this compound is in > ie Coenen A second experiment was carned out under conditions similar to 
those employed in the nitration of N-tol N-Acetyl-4-keto- 
tetrahydroquimoline (0-1 g.) in acetic acid hoc) os heated with aitric acid (10 c.c.; d 1-42) on the 
steam-bath for 30 minutes. The pale yellow product crystallised from alcohol in nearly colourless, flat 

isms, m. p. 335° (decomp.), agreeing in all respects with the compound Pecigengs which was obtained 
nitrating N- 4-ketotetrah ydroquimoline. 

Dinvtranon of 4-Hydroxyquinoline.—4-Hydroxyquinoline (Cam 1901, 34, 2709) was con- 
veniently 4-hydroxy-3-carboxyquinoline (Gould and Amer. Chem. Soe., 1939, 
61, 2800). xylation was eflected by heating the acid ia parafha oil in the manner escribed 
by and li (joc. cit.). 4-Hydroxyquinoline (0-1 g.) was heated with nitric acid (1-0 c.c.; 
@ 1-5) and concentrated sulphuric acid (1-0 c.c.) on the steam-bath for an hour. On addition yh the 
mixture to ice, a yellow, microcrystalline wer separated, and the substance crystallised from 
way 345° (decomp.) (Found : C, 468; H, 20; N, 17-1 
CHOWN, requires C i, . PN i7 roe). As explained in the introduction, this compound is 
3: It is solubde in all the usual organic solvents. 

Nutration of 6-N ttro-4-hydrox) +. —A mixture of 6-nitro-4-bydroxyquinoline (0-1 g.) (Gouley, 
Moersch, and Mosher, J. Amer. C 1947, 69, 303; Adams and Hey, /., 1949, 255), concentra 
sa! phuric acid. (1-0 c.c.j, and nitric d 1-5) was heated on the steam-bath for an hour. The 
product, isolated as usual, proved to be identical with the dinitro-4-hydroxyquinoline described above. 
‘Specimens of the two products, recrystallised from acetic acid as very small rectangular prisms, had the 
fame m. p. and mixed m. p. 345° (decomp.), and identical infra-red spectra. 

Attempted Synthesis of 6-Nitro-4-hydroxyquinoline, Formation of Dinitroisoflavanilin (XVI). 
&-Nitro-2-aminoacetophenone (3 (Simpson, Atkinson, Schofield, and Stephenson, 1945, 649) was 
refluxed with anhydrous formic acid (30 c.c.) for an hour, and the mixture evaporated under ww Hee 

re. The ~ yellow residue of 5-nsiro-2-for toph (XV) crystallised from alcohol 

needies, m. p. 149—150° (Found: C, 51-3; H, 98; N, 19-4. requires C O10; 
N, 13-56%). A solution of the formyl derivative (0-34 g.) in alcohol (2 ¢.c.) and water (20 ¢.c.), to which 
sodium hydroxide (0-12 g.) was added, was refluxed tors hours, a yellow precipitate gradually separating. 
After cooling, this was collected, washed, and dried (0-26 ¢.). Crystallisation from alcohol (thin yellow 

isms) and then from acetic acid gave te . BO1* (block) (Found: C, 58-8; 

36; N, 168. requires ; H, 37; 17:3%). The same 6-witro-2-(6-nitro-2- 
amin “phenyl)-4-methy winoline was formed by the action of alkah oo 5-nitro-2-aminoacetophenone. 
A solution of the latter (0-11 g.) in alcohol (0-6 c.c.) and water (7 c.c.), to which sodium hydroxide (0-04 
g.) was for an hour. A yellow te was formed, which lised 
acetic acid in white needles, m.p. 301 on admixture with com, 

P- (block pou 

Nitration of 4-Hyde ryquinaldine.—4-Hydroxyquinaldine (2-45 g.) was dissolved in nitric acid 


‘ 
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1.246; N, The compound is freely 

soluble in benzene and ether. it —— 

3:5: was 

of acetic anhydride and a trace of sulphuric 

gives tise & Complex tarry product) for 5 minutes, and 
trca 


1138 
pant 4 1-5) and concentrated 


very, 28; N, ee. HON, 
2; 3 N soluble in the usual solvents and 
on 

it could not be methylated 

—-This compound was 
acid by the method of Musajo (Gazzetta, 1937, 67, 222), af ody 
quinoline (0-5 g.), nitric acid (4 c.c.; 75%, w/w), and water 
added to water. The resulting Siow poodur (90 bed 

melted at 327° (decomp. oe was methylated dissolution in water 
b 


authentic 3-nitro-compound 


215-—217", 
3-nitro-4-methoxyquinoline. With eoncentonted nitric acid alone, 4-hydroxyquinoline gave a mixture 
“= 3-nitro-derivative with a second product (probably the 6-nitro-compound); the crude material 

m 265-295" 

of 3-Nitro-4-h incline.—-A solution of (2 g.) im nitric 
acki (26 c.c.; d 1-5) was refla for § hours, and then red into ice-water. powder 
(1-2 g.), m. p. 334° (decomp.), crystallised from acetic ack * (decomp.) 

and nto on admixture with specimens of the dinitro-4-hydroxyquinolines prepared from 
nitro-4- The infra-red absorption spectra of the specimens 
hods were examined in “ Nujol” ——— and found to be identical.* 

On solution of 3-nitro-4-hydroxyquinoline (2 g.) in nitric acid 
to ice. The washed and dried p 21g. yellow, 

tie an m be 206" foleme) (Found: C, 38-6; H, 16; N, 196. C,H,O,N, requires C, 

H, N, 20 }. Im comtrast to the mono- and di-nitro-4-bydrox quinolines, this trinitro- 
pos RF, . ‘readily uble in acetone and moderately readily soluble in and ethyl acetate. 
In common with the mono- and dinitro-compounds, it forms a very sparingly ° soluble sodium salt, even 
in contact with sodium hydrogen carbonate solution. The formation of the slender needles of this 
derivative can be observed Genome and is characteristic. 

Nitrating Oxidation o, _ reaction was carried out under the conditions previously 

employed by one of us ( cll), the before being worked up, was submitted to 

onged treatment with fuming nitric acid with a view to increasing the yie' | of the compound 

1,0,N,. Quinamine (1 g.) was treated with nitric acid (10 c.c. of 10% and 1265 c.c., d 1-42), and 
the solution heated on a steam-bath for 48 hours. The nitric acid was removed by distillation 1 vacuo, 
and the residual syrup taken up in nitric acid (75 c.c.; d 1-5) and heated on a steam-bath for a further 
24 hours before the nitric acid was again removed in vacuo. The residue was washed with cold water 
() c.c.), then with cold ethyl acetate (50 c.c.), and the residue crystallised from acetone, in which, 
when hot, it was completely soluble. The aqueous, the ethyl acetate, and the acetone extracts all 
aflorded the same product (total yield, 0-37 g.), the purest sample being that ited trom the aqueous 
washings on storage (0-11 -) Recrystallisation acetone-alcohol gave ht yellow, — 

needles, m. p. 206° (corr. 307") (decomp.). The m. p. previously rec for the C,H,O,N, 
from quinamine was 303-305° (corr.) (decomp.). A mixture of the compound with 3:6: Strinitro- 
4-hydroxyquinoline had m. p. 206%. The solubilities and reactions of the two substances showed no 
divergencies, and their infra-red spectra were identical. 

Attemjtsd Nitration of soQuinamine.—isoQuinamine (1-6 g.) was dissolved in 10% aqueous nitric 
acid (2 ¢.c.), and treated with concentrated nitric acid (20 ¢.c.), and later with fuming nitric acid (15 
¢.¢.}), following as closely as possible the procedure used for quinamine. The product after the final 
evaporation of the reaction mixture was triturated with water, and the residual brown gum was found 
to be completely soluble in a smal! volume of cold alcohol. No crystalline material could be isolated, 
and the amorphous product did not form a sparingly soluble sodium salt. After some days the aqueous 
we deposited an amorphous yellow powder (2 mg.) which charred without melting when heated 

We conclude that 3:6: Vcrinitro-4-hydroxyquiacline was not formed in this experiment, 
pt. in traces. 


The authors are gota to Mr. T. M. Sharp, M.Sc., of the Research Department, Sete and 
Wellcome, Limited, a supply of quinamine and for ‘information thereon. They thank Dr 4 
Thompson and Mr. L. N. Short for the determination of infra-red absorption spectra and also Rta 
Prelog for hia kind communication of the results of his outstanding investigations in this field of work. 


Dyson Peerins Laporatory, Oxrorp University. [Recewed, December 16th, 1949.} 
* We are obliged to Dr. J. C. E. Simpson for a specimen prepared by the method of Simpson and 


Wright (lec. cit}. This showed undepressed mixed m. p. with our specimens and had the same infra-red 
absorption spectrum. 
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sulphuric acid (20 ¢.c.) and heated for 4 hoars at 100°. Cooling and ; 
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233. 4-Aminosalicylic Acid and Its Derivatives. Part II1* The 

Synthesis of 4-Amino-2 : 5- and 4-Amino-2 : 3-dihydrorybenzoic Acid. 
By S. C. Buatracnaryya and D. E. Seymour. 

s:sameiee oxidation of 4-nitrosalicylic acid is shown to give 4-nitro-2 : 5- and 4¢-nitro- 


ybenzoic acid. Reduction of the nitrodihydroxy-acids corresponding 


Wrtn the object of making certain oxidation products of 4-aminosalicylic acid available for 
biological study, 4-amino-2 : 5- and 4-amino-2 : 3-dihydroxybenzoic acid have been synthesised. 

Oxidation of 4-nitrosalicylic acid with alkaline potassium or ammonium persulphate gives 
4-nitro-2 : 5-dihydroxybenzoic acid together with a smaller amount of a more soluble isomer 
which has been shown to be 4-nitro-2: 3-dihydroxybenzoic acid. 4-Nitro-2 : 5-dihydroxy- 
benzoic acid was reduced to 4-amino-2 : 5-dihydroxybenzoic acid (isolated as its hydrochloride) 
which on deamination yielded 2: 5-dihydroxybenzoic acid (gentisic acid). This establishes the 
structure of the parent nitrodihydroxybenzoic acid; it was confirmed by conversion of the 
amino-acid into 4-chloro-2 : 5-dihydroxybenzoic acid which was also obtained by persulphate 
oxidation of 4-chlorosalicylic acid. 

The structure of the minor oxidation product was established by its reduction to the 
corresponding aminodihydroxybenzoic acid, deamination of which yielded 2: 3-dihydroxy- 
benzoic acid. 


The isomeric aminodihydroxybenzoic acids were obtained by catalytic reduction of the 
corresponding nitro-compounds and, as was expected, they are unstable in air and were isolated 
as their hydrochlorides or as their acety! derivatives. 

The acids described are being examined as possible tuberculostatic agents, and the results 
of this examination will be described elsewhere. French and Freedlander (J. Amer. Pharm. 
Assoc., 1949, 38, 343) have suggested that 4-amino-2 : 5-dihydroxybenzoic acid or the 
corresponding quinone may be responsible for the tuberculostatic activity of aminosalicylic 
acid. 


EXPERIMENTAL. 


4-Nutro-2 Acid -—A solution of 4-nitrosalicylic acid (10 g.) and sodium hydroxide 
(16 g.) in water ( ml.) was treated with a solution of potassium vereulphate {i} g.) in water (400 ml.). 
‘After 48 hours at room temperature, the solution was just acidifed (Congo-red) with dilute sulphuric 
acid with ice — and the mixture was extracted with ether to remove unchanged 4¢-nitrosalicylic 
acid (6 ¢.). ution was then made mass ees acid with sulphuric acid, boiled for 20 minutes, and 
cooled to room temperature. The crystalline ipitate was removed and the mother-liquor retained 
for further treatment. On recrystallisation of this hot water (charcoal) 4-nitro-2 
dihydroxybenzoic acid was obtained as brown becoming orange on di 
(Found: C, 426; H, 265; N, 7-15. C,H,O aires abe 2-56; N, 705%). The 
sublimes without decom position - it gives a A wh ferric chloride solution, and an intense 
violet colour with alkali. 

4-Nutro-2 : 3-dihydroxybensoic Acid.—The mother-liquor obtained as described above was extracted 
with ether, and the extract was washed with water. After removal of the ether the residue was 
crystallised twice from hot water (charcoal) to give needles of 4-mitro-2  3-dihydrosybensorce acid 
es F}. m. PDF dy al (Found: C, 42-55; H, 2-6; N, 67%). The acid gives colour reactions similar to 

for 4-nitro-2 : 5-dihydroy benzoic acid. 

Nitro-2 5-diacetorybensoic Acid.—A solution of 4-nitro-2 : 5-dihydroxybenzoic acid (2 g.) in 
acetic anhydride (6 mi.) was heated at 100° for 34 hours. The cold solution was poured into water 
after being washed with water, was c lived from 

alcohol giving 4-mutro-2  5-dsaceto: p. gh C, 463; H, 34; N, 52. 
C,,H,O,N requires C, 46-65; H, 3-2; x. 400%) does not give a coloration with ferric 

ide solution. 

4-Nutro-2 3-diacetorybenzoic ield by a similar acetylation of 
4-nitro-2 : 3-dihydroxybenzoic acid. When 4-nitro-2 3-diacetorybensorc acid 
was obtained as plates, m 186° with softening at ee ite" (Found : C, 46-8; H, 3-2; N, 475%). 

4-Amtno-2 Acid Hydrochloride.-A solution of 4-nitro-2 5-dihydroxybenzoic 
acid (4 g.) in ethyl acetate (200 ml.) was shaken with hydrogen in the presence of Adams's platinum 
catalyst (70 mg.) for 30 minutes; gas absorption was then complete. he solution was filtered in an 
atmosphere of carbon dioxide and, after a stream of anhydrous hydrogen chloride had been passed 
through the filtrate, the insoluble hydrochloride (3-8 g.) separated as a This 
was collected, washed with ethy! acetate, and dried at room temperature over sulphuric acid. 4-Amino- 


2 acid m. p. 212° (decomp.), is unstable, and aqueous solutions of the 
salt darkes: rapidly on yk se the C, 406; H, 40; N, 66; CG, 169. C,H,O,NCI requires 
C, 400-9, H, 30; N, 68 17- The free amino-acid in one instance was precipitated directly 


* Part 1, J., 1940, 1498. 
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from the ethy! acetate solution (obtained on reduction) by the addition of light petroleum ; it rapidly 


On Exposure to air. 

acid as described 3: wybenzoic acid hydrochloride as a white microcrystalline 
. &. p. 180° (yield, 956%) (Found: C, 40-65; H, 4-1; N, 67; Cl, 17-86%). 

4-Chloro-2 Acid.—-(a} A solution of 4-nitro-2 : 5-dibydroxybenzoic acid and 
sodium carbonate (1 g.) in water (150 ml.) was shaken with hyd in the presence of Adams's platinum 
oxkie catalyst (70 mg.) After reduction was complete the catalyst was removed and the solution was 
acidified with hydrochloric acid and diazotised at 0° by the addition of 10% sodium nitrite (10 ml.). 
The solution was stirred for 15 minutes and poured into a freshly oe geen solution of cuprous chloride 
(5 g@) im concentrated hydrochloric acid (100 mil.). After being kept at room temperature overnight 
the solution was extracted with ether and the reaction uct isolated. 4-Chloro-2 : 5-dikydroxybenzoic 
acid (1-5 g.) from water as plates, m. p. (Found: C, 446; H, 2-6; Cl, . 
requires C, 446; H, 2-7; Cl, 16-8%). 

{6} A solution of 4-chiorosaleylic acid (10 g.) in water (300 mi.) containing sodium 
hydroxide (25 g.) was treated with a solation of ammonium persulphate (11 g.) in water (200 ml. 
with cooling. After 48 hours at room temperature the solution was acidified with dilute sulphuric 
with cooling, and the anchanged 4-chlorosalicylic acid was removed by extraction with ether. The 

ueous solution was made strongly acid by the addition of concentrated sulphuric acid (50 g.) and 
aher boiling for 20 minutes and cooling 4-cAloro-2 : 5-dihydroxybenzove acid (3-4 g.) was isolated by 
extraction with ether, Crystallisation of the product from water (charcoal) yielded the acid as plates, 
m. p. 222° undepressed in admixture with the specimen obtained by method (a) 

4-Chloro-2 Acid.—A solution of 4-amino-2 : 3-dibydroxybenzoic acid hydro- 
chloride (1-2 g.) in hydrochloric acid (50 ml.; 16%) was diazotised with sodium nitrite (05 ¢.). The 
diazo-solution was poured into a solution of cuprous chloride (4 g.) in concentrated hydrochloric acid 
(30 mi... After 12 hours at room temperature the solution was extracted with ether. The product 
was isolated and crystallised from water (charcoal) to give 4-chloro-2 : 3-dthydrobenzoic acid (0-55 g.), 
m. p. 226° (Found: C, 449; H, 2-6; Cl, 190%). The acid gives a deep-biue colour with ferric « 
solution. 

2. 5-Dihydroxybenzoic Acid (Gentisic Acid).—A solution of freshly prepared 4-amino-2 : 5-dihydroxy- 
benzoic acid hydrochloride (3-1 g.) in water (50 ml.) and hydrochloric acid (10 ml.) was diazotised with 
sodium nitrite solution (11 mi.; 10%). The cold diazo-solution was added to hy osphorous acid 
(0 ml. ; 30%) and kept for 12 hours at room temperature. After filtration the solution was saturated 
with ammonium sulphate and the product isolated by extraction with ether. It was purified by 
sublimation at 150°/2 mm. to give gentisic acid, mp. and mixed m. p. 201°. 

2 : 3-Dihydroxybensoic Acid.—A solution of freshly red 4-amino-2 : 3-dihydroxybenzoic acid 
hydrochloride (2-1 g.) was diazotised as in the above case, and the diazo-compound was similarly reduced 
with bypophespherees acid. 2. 3-Dihydroxybenzoic acid (0-55 ¢.) was isolated; it sublimed at 
1s) 180"/1 mm. The acid (0-3 g.) was heated in a sealed tube at 230° for 3 hours, and the catechol, 
m. p. 105°, which was produced yo decarboxylation, gave no depression in m. p. with an authentic 

amen. 

4-Amino-2 : 5-diacetorybensoic Acid..—A solution of 4-nitro-2 : 5-diac benzoic acid (2 g.) in 
methanol (150 ml.) was shaken with hydrogen in the presence of Adams's catalyst (70 mg.). After gas 
adsorption was complete (15 minutes) the solution was filtered and concentrated in the absence of 
air at 35°. The concentrated solution was kept at 5° overnight and give 4-amino-2 : 5-diaceloxybenzoic 
on (ll g.) as needles, m. p. 220° (Pound: C, 6205; H, 43; N, 5&5. C,,H,,O,N requires C, 52-2; 

. 4; N, 656%). 

4-Acetamido-2 5-diacetorybenzoie Acid.—A solution of 4-amino-2 : 5-diacetoxybenzoic acid (1 8.) in 
acetic anhydride (4 mi.) was heated for 3 hours at 100°. The clear solution after ling was diluted 
with water (15 mi.) and stirred, the solid which yarated was collected, washed with water, and 
crystallised from dilute alcohol to yield 4-ecetamido-2 sacetoxybenzoic acid (0-8 g.), m. p. 196° (Found: 
C, 627; H. #6; 45. requires C, 820; H, 445; N, 47%). 

Acetamido 2 3 Aad.—Freshly prepared 4-amino-2 3-dihydroxybenzoic acid 
(0-7 g.) was heated with acetic anhydride (3 mi.) at 100° for 3 hours. The acetic anhydride was removed 
im vacuo, and the residue was crystallised from dilute alcohol (charcoal) giving 4-acetamido-2 : 3-diaceloxy- 
benzore acid as needles (0-4 g.), m. p. 186" (decomp.) (Found: C, 52-4; H, 44; N, 465%). 


The authors thank Professor F. S. Spring for his advice and criticism, and the Directors of Herts 
Pharmaceuticals Limited for permission to publish these results. 


Tus Restarcn Lasoraroeres, Hears Puarmacevticats Limrrep, 
Garoen Crry, Herts. |Recetved, January 27th, 1950.) 


234. Synthesis in the Octahydropyrrocoline Series. 
By G. R. Ciemo, N. Frercwer, G. R. and R. Raper. 
6-Ethyl- and 1 : 7-dimethyl-cctahydropyrrocolines have been prepared, but differ from the 
jo ite ies of the bicyclic base obtained by the degradation of strychnine 
1036, 1695). 


One of us (G. R. C.) obtained, by the alkaline degradation of strychnine, a bicyclic base 


(CygH,,N), whose octahydro-derivative has the composition of an ethy!- or dimethyl-octahydro- 


| 
q 
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Ppytrocoline. Clemo and Metcalfe (/., 1937, 1518) prepared 1- and 2-ethyloctahydropyrrocolines 
and 2-methyloctahydropyridocoline but no correspondence was found with the reduced 
strychnine derivative. We have now prepared 6-ethyl- and | ; 7-dimethyl-octahydropyrrocolines 
(I and II), but again neither of these was identical with the reduced base obtained from the 
alkaloid. 


Me 


CO 
E H 


(i) 


Attempts to prepare (I) by condensation of pyrrole-2-aldehyde with diethyl malonate, 
catalytic reduction of the resulting ethyl 2-pyrrylmethylenemalonate, and subsequent 
decarboxylation, condensation with ethyl bromoacetate, cyclisation, and treatment with ethy!l- 
magnesium bromide were unsuccessful owing to difficulties at the reduction and decarboxylation 
stages. The base was obtained from ethyl 5-ethyl-2-piperidylacetate by condensation with ethyl 
bromoacetate, cyclisation, and reduction of the resulting ketone. While this work was in 
progress, Prelog and Metzler (Helv. Chim. Acta, 1946, 29, 1163) recorded its preparation by 
another method, and in the main the properties of our base and its derivatives agree with those 
of their product. The base (I), however, has two centres of asymmetry and should therefore 
exist in two externally compensated forms. Our base gave two picrates, one identical with 
that of Prelog and Metzler, and the other presumably that of its sterecisomer. 

The dimethy! base (II) was obtained from the potassium derivative of ethyl 4-methyl-2- 
piperidylacetate, This by methylation gave (III), which, by successive condensation with ethyl 
bromoacetate, cyclisation, and reduction, yielded (If). No evidence of inhomogeneity was 
found in this case. 


EXPERIMENTAL. 
(All m, sare 


Ethyl 2 yde (Fischer and Orth, Die Chemie des 
p. 1a) (3g), malonate 10-8 and ethanal (BS eal) were tar 
6 hours and fractionated yellow oily ester which became red at hugher temperatures 
(50 g.; b. p. oo ound: C, H, 65. C,,H,,O,N requires C, 60-7; H, 

Bayt 2-Pyrrolidylmethyimalonate.-The above ester (2-0 g.), atinam oxide (0-1 g.), and glacial 
were . in. for 15 hours, the platinum was filtered off, 
the solvent was removed, and the product was basi (potassium carbonate), extracted with ether, 
dried, and distilled, giving an oily ester (1-6 b. p. 140-—143°/1 mm. The product from two such 
experiments was shaken with platioum exide 1-1 g-) and g lacial acetic acid, as before, for 18 hours and 
worked giving a colourless oil (1-0 g.; b. p. 140-142” ne mim.) (Found: C, 500; H, 90, 
requires C, 50-2; H, & 7%). Frequently, however, the reduction was unsuccessful or gave a product 
which was contaminated with unreduced ester and became tarry at subsequent stages 

Ethyl 8-2-Pyrvolidylpropronate,-The preceding methylmalonate (0-5 g.) and concentrated hydro- 
chioric acid (10 mi.) were refluxed 20 hours and taken to dryness. Ethanol, saturated with ht 
chioride (10 ml.), was added, the whole refluxed for 5 hours, evaporated to dryness and then basi 

um carbonate), and the ester extracted with ether, dried, and distilled as a colourless oi! (0- ae | 
I (Found: C, 63-5; H, 10-25. Cc, H, 
has m. * (Found ; C, 62-7; H, 6-8. JON requires C, 53-4 
ethyl bromoacetate (0-7 ml.), anhydrous potassium carbonate (0- 8 g.), and ethanol (6 mi.) were heated 
7 17 hours. The ethanol was removed, water added, and the ester extracted, dried and fractionated 
136140" mm.) (Found: C, 68-3; H, 7-8. C,,H,,O,N requires 5683; H, 83%). 
Dearborn, Woodward, J. Amer, Chem, 1946, 68, 1368; picrate m. p. 164 
(Chem. Zentr.. 1935, 1, The following intermediates were ‘ 
stilbarole (2-styryl- 5-ethylpyridine). b . 205—208°/12 mm., m. p. 61°, after crystallisation from 
um (b. p. 80-100") (Found ; 85-0: H, 7-2. requires C, 86-1; H, 72%); 
ee dibromo-2-phenylethyl) pyridine, colourless prisms, 133", after recrystallisation from light 
(b. p. (Found: C, requires C, 48-6; H, 41%); 
{2 yridine, 80° mm. (Pound ; C, 86-7; H, 
C,,H,,N requires C, 86-9; H, 6-3% i peat P00" (from ethanol) (Found : C, 57-8; H, 3-7. 
hi 


(bp. a0). p Found 79-05; H, 67 ON uires C, 

uires C, 750; H, 67%). 

yellow oil, b. p. 97—-08°/1 mm. (Found: C, 68:15; H, 7-9. 

lemon needles (from 


is 
C, 684; H, , and forms -yellow ( 
43—144" (Found : 45. requires 48-4; H. 63%), 
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and « ficrolonats, yellow prisms (from ethanol), m. p. 142° (Found: C, S551; H, 5&3. 
Cy, requires C, 66-1; H, 51%). 

Kihyl 5-Ethyl-2-piperidylacetats.—The pytidy! ester (10-0 g.) in glacial acetic acid (30 mi.) was shaken 

with tinum oxide (0-1 g.) in hydrogen at 100 Ibs. /sq. in. for 24 hours, platinum oxide (0-05 ¢) was 

, and the shaking continued for a further 12 hours. After filtration, the acetic acid was removed 
under reduced premure, the residue cooled, basified (potassium hydroxide, 50%), extracted with ether, 
and dried, and the ester distilied as a colourless of (9-7 g.; b. p. 77—78#°/1 mm.) (Found: C, 660; 
H, 162. C,,H,,O,N requires C, 663; H, 10-6%). Its picrate, goiden yellow prisms, very soluble in 
ethanol, has m. p far", depresmed to 118° by admixture with the picrate of the unreduced ester (Found : 
C, 477, H, 60, requires C, 47-7; H, 5-6%). 

Diethyl 2-diacetate.-The above piperidy!l ester (8 g.), ethyl bromoacetate 
7 mi.), and anhydrous potassium carbonate (90 ¢.) were ted in a water-bath for 10 hours with 
me shaking. Water was added and the diester extracted with ether, dried, and distilled as a 
colourless ail (&5 g.), b 125-—128°/1 mm. (Pound: C, 63-1; H, 90. C,,H,,O.N requires C, 63-1; 
H, 5% ye risms (from ether), m. p. 84—85° (Found 489; H, 5-65. 
requires C, 40-0; H, 5-9%). 

2 K diester (7-5 in dry toluene (7 mi.) was added to powdered 
potassium (2-5 g.) in dry toluene (7 mi.), cooled in ice. After ee 4 hours on a water-bath, 
ethanol was added to remove unused potassium, followed by water (30 mi.) and hydrochloric acid 
(20 ml). The solution was heated on a water-bath for 20 hours and taken to dryness under reduced 
pressure. The residue was basified | epee hydroxide, 50%), extracted with ether, dried, and 
distilled, giving the Acetone as a colour oi) (2-5 g.), b. p. 53-—55°/1 mm., 120-——125°/15 mm., which 
became brown if kept some days (Found: C, 72-1; H, 10-1. C,.H,,ON requires C, 71-8; H, 10-24%). 
This gives a oe yellow prisms Bas ethanol), m. p. 143° (Found: C, 480; H, & 
requires C, 48-6; H, 1%), and a picrolonate, yellow crystals = methanol), 
mp. 150-151" (Found. C, 362; 5-95, C 1, ON requires C, 55-7, H, 

(1).—-The above ketone (2-0 hydrazine hydrate (7-5 mi., 95%) 
were refluxed for 18 hours, the hydrazone was extracted with ether, and dried (K,CO,), and the ether 
removed. The resulting yellow ot] was heated with sodium ethoxide (from sodium (1-5 g.) and ethanol 
(12 mil.)) in « sealed tu for 20 hours at 165-170". After addition of water, acidification (hydro- 
chioric acid), evaporation to dryness ander reduced re, and basification (potassium hydroxide, 
60%), the base was extracted with ether, dried, distilled as a colourless oi] (1:1 g), b. p. 77— 
78°15 mm. (Pound: C, 7&6; H, 125. C,,H,N requires C, 784; H, 12-56%). Two picrates were 
obtained on addition of alcoholic picric acid ; (a) yellow needles, m. p. 177° (Prelog and Metzler give 178°) 
from methanol (Pound; C, 0-6; H, 59. Cale. for C,,H,.N,C,H,O,N, ; C, 50-3; H, 5-8%); (6) yellow 
hexagonal prisms, more soluble in ethanol than the needics and having m. p. 118-—119° (from ether) 

Found : C, 50-35; H, 6-8%). The picrolonate formed yellow decahedral prisms, m. p. 185° (Prelog and 
etzier give 182183"), from methanol (Found: C, 57-2; H, 6-4. Calc. for C,.H,,N.C,.H,O,N,: C, 

67-6; H, wet The methiodide crystallised in colourless —— m. p. 293? (Prelog and Metzler 

222223"), from acetone-ether (Found: C, 45-1; H, 7- Cale C,H, N.CH,I: C, 44-8; 
, 


Ethyl 4- Methyl-2-pyridylacetate. —-This was prepared from 2: 4-dimethyl!pyridine by the same method 
as the the following being characterised. 4-Methyl-2-stilbazole (4-methyl-2- 
styrylpyridine), mm., m. p. 69°, after crystallisation from light petroleum 
40...00") (Pound: C, 85-8; H, 67. Cale. for C,,H,N: C, 86-1; H, 67%), and its picrate, m. p. 2 
from ethanol) (Found: C, 566; H, 40. Calc. for H,N.C,H,O,N,: C, 56-6; H, 38%); 4-methyl- 
-(1 pyridine, colourless ies, m. p. 149° (Found: C, 47-7; H, 40. 
C,,H,,N Br, requires C, 47-4; H, 37%), and its picrate, yellow (from ethanol), m. p. 172° (Found : 
C, 41-5; H, 28. C,H, Nir, C.H,OLN, requires C, 41/1; H, 28%); 

dine, & pale yellow oil, b. p. 130°/1 mm., 166——168°/3 mm., 186—190°/20 mm. (Found: C, 86-7; 
169: CH iN requires C, sho: H, 5-7%), and its picraie, yellow crystals (from ethanol), m. p. 215° 
(Found hes: 39. C requires C, 56-0; H, 3-3%); 4-methyl-2-phe 
pyridine, a yellow oil. p 1567/1". 176° /3 mm., 189—192°/20 mm. (Found: C, 796. H, 64. 

requires C, 70-6; H, 62%), and its picrate, fine yellow needles, m. p. 155° (from water) (Found : 
Cc, H, C,H,ON.CH ON, requires C, 54-5; H, 3:7%); oxime, colourless prisms (from 
ethanol}, m. p. 163° (Found: ©, 74-4: H, 635. C,,H,,ON, requires C, 743; H, 63%), and omime 
picrate, yellow prisms (from ethanol), m. p. 152° (Pound C, 52-7; H, #1. C,,H,ON,C,H,O,N, 
requires C, 62-7, H, 

Ethyl 4-methyl-2-pyridylacetate is « pale yellow oil, b. p. 96--99°/1 mm. (Found: C, 66-8; 
H 72. C,H,,O,N requires C, 670; H, 73%), and 1 a picrate, yellow plates (from ethanol), m. p. 
116° (Pound: C, 47-3, H, 43. requires C, 47-1; , 3-05%), and 
og prisms (from ethanol), m. p. 166° (Pound: C, 34-5; H, 47. C,H,O,N.C,H,O,N, requires 
544-2; H, 

Ethyl a-(4-Methyl-2-pyridyl) propionate (111). Ethyl 4-methyl-2-pyridylacetate (9-0 g.) was added to 
powdered potassium (2 g.) under ether (100 ml.) and left overnight. Methyl iodide (7-4 g.) was 
carefally added, the mixture refluxed for 10 hours, water added, and the ester extracted with ether, 
dried, and distilled as a pale yellow oi) (7-1 g.), b. p. 75-78" /1 mm., 94—97°/3 mm. (Found: C, 68-7; 
H, 70. C€,,H,,O,N requires C, 68-4; H, 78%). This gives a picrate, yellow prisms (from ethanol), 
m. p. 103° (Found: C, 48-35; H, 415. C requires C, 48-4; H, and 
picrolenate, yellow prisms (from ethanol), m. p. (Found C, 5625; H,&1. 
requires C, 56-1, H, 51%) 

Ethyl a-(4-Methyi-2-piperidyl) propionate Prepared from the above pyridyl ester (5-0 g.) in the same 
way as ethyl! 5-ethyl-2-piperidylacetate, this exter was obtained as a colourless oil (4-5 g.), b. p. 90— 
93°/3 mm. (Found: C, 668; H, @8. C,,H,,O,N requires C, 66-3; H, 10-6%), and gives a picrate, 


yellow prisms (from ether), m. p. 141° (Found C, 47-7; H, 5&5. C,,H,,O,N,C,H,O.N, requires C, 
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(1950) 
trom igo” 
ethanol), m. p. (Found, C, 547; H, 66 


ethyl ——(a) mi, were warmed to 8). 
ver bromide was coagulated 
ster removal othe and the deat obtained 
il /i mm., 190°/3 mm. 


2-Keto-1 7-dsmethyloctah mé.—This Aetone was obtained ot 
the above the manner (03g). (Found: C, 
71-2; H, 10-3. C,.H,,ON requires C, 71-8; H ont prisms (from 
m. p. 175°, decomp. (Found C. 48-5; H, & 1. O,N, requires 48-5; H, 
¥ 7-Dimet hyloctahydropyrrocoline (iI). —The base above by the Wolfl-Kishner 
) as a colouriess oil 150° /16 mm. (Found : 
C, 785; H, 12-1, requires C. 18-4; 12-56%). picrate crystallised from 
yellow prisms, m. p. Te 
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235. Pseudo-metallic Bonding of Hydrides. 
By A. R, 
Experiments described which show that the ing of palladium by mercury is greatly 


approximate composition PdH, ,Hg, slowly liberates about three-quarters of the dissolved 
hydrogen at | atmosphere at 18". Magnetic and X-ray evidence indicates that mercury 


combines with the 5 jum to form one or more intermetallic ‘‘ compounds.” 

hydrides, which permits a “‘ chemical "’ approach to pr such as the wetting of metals by 
mercury, of in transitional and their alloys, the possibility of 
ee hydrogen at crystal boundaries in polycrystalline metals, and catalytic 


In an alternative formulation for bydrogen metals, in which atomic hydrogen is considered 
degeneracy phenomena different 


Wetting of Metal Hydrides by Mercury.—The concept of metallic bonds as covalent bonds in a 
resonance system with a defect of electrons (Pauling and Ewing, Rev. Mod. Physics, 1048, 20, 
112) accords with the hypothesis that when metal atoms M are bonded with hydrogen, the 
grouping (M-H,) behaves, with regard to further metallic bonding, approximately like the atom 
# places to the right of M in the Periodic System. For example, NH, or OH, should correspond 
to sodium and the grouping (Pd~H) to silver (cf. Ubbelohde, Proc. Roy. Soc., 1937, A, 158, 
304). Earlier versions of this hypothesis are referred to by Rosenhal! (Ann. Physik, 1935, 24, 
297; cf. especially Oxley, Proc. Roy. Soc., 1922, A, 101, 264). 

The wetting of metals by mercury almost certainly involves the formation of ‘‘ metallic ” 
bonds between mercury atoms and the surface atoms of the metal. A number of observations 
on the action of mercury on transitional metals, in electrolysis and in hydrogenation catalysis 
at room temperature, may be interpreted on this basis. 

Only a few examples are selected for discussion in the present paper. Experiments on 
palladium hydride amalgam are first described. There follow observations dealing with the 
effect of mercury on colloidal palladium and its effect on the overpotential of hydrogen on 
transitional metals. 

When a strip of clean palladium, glowed by passage of a current to free it from hydrogen, 
was dipped into mercury under dilute sulphuric acid, the contact angle of wetting usually 
became ~ zero only after several hours, But as soon as the palladium was made cathodic the 
mercury wetted it with avidity. 

A similar enhancement of wetting by mercury was observed with other transitional metals 
such as iron and platinum when these were dipped under mercury and then made cathodic 
(cf. also Casamajor, Proc. Amer. Chem. Soc., 1877, 1, 49; Chem. News, 1876, 84, 34). 
Experiments of this qualitative kind left it open to doubt whether the mercury was bonding 


with the hydride groups MH, or whether the function of the hydrogen was merely to reduce an 
oxide surface film which prevented the formation of metallic bonds between mercury and M. 

To distinguish between these possibilities, more rigorously controlled experiments have beea 
carried out on the comparative ease of wetting of palladium by mercury, before and after the 
palladium has absorbed hydrogen. These showed that palladium (sponge), carefully cleaned 
tn vacuo, absorbed mercury only slowly over a period of days, to form one or more amalgam 
phases. If the palladium was first saturated with hydrogen, to form approximately PdH,, 
the mercury wetted it very rapidly and with considerable evolution of beat. Wheu the product 
was kept for several days, some of the hydrogen was evolved, but the remainder was retained 
for comparatively long periods. The paliadium hydride amalgam and the palladium amalgam 
were diamagnetic. Preliminary X-ray spectrography indicated that complex phase systems 
were formed [Mellor (" Comprehensive Treatise on Inorganic and Theoretical Chemistry,” 1936, 
Vol. XV, p. 502) states that Pd-Hg occurs as an ore). 


EXPERIMENTAL. 


The essential portions of the vacuum atus are illustrated. 

The palladium sponge (Johnson and Matthey, Ltd.; 99-0°%-pure) was weighed into the bottom of the 
Pyrex tube A, which was joined to the vacuum apparatus by a ground joint waxed with “ Picein " and 
specially designed to minimise contamination of the apparatus. The required quantity of triple-distilled 
mercury was stored in the tube B. When required, the sealed tip C of this tube could be broken in 
vacuo by turning the Pyrex key which carried a stout horseshoe of Ae E,as shown. A fresh tip was 
sealed on for each experiment. Hydrogen, prepared by electrolysis of aqueous potassium hydroxide- 
barium hydroxide, was purified by passage over platinised asbestos at 450° and was taken into the 
apparatus through a liquid-eir trap as required. The container D was calibrated for volume, which 
facilitated the estimation of volumes of gas absorbed and desorbed, with the aid of a McLeod gauge and 
Mercury manometer. 


Te air trace 

catalytic combustion 

vesse/ ard supply of To liquid aur tops 


70 Me Leod gauge 
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ation of Clean" Paliadium Sponge and Action of Meroury.—After the walls of the apparatus, 
whilst it contained hydrogen, had been washed and flamed, the apparatus was evacuated, air was let in, 
and 6-5~—1-5 g. of palladium sponge was weighed into 4 The tube A was heated to about 400° is 
eacne (<10* mm. Hg.), and the taps to all exposed mercury surfaces were shut. Hydrogen was then 
passed in to a pressure of | atmosphere, and the paliadiam allowed to cool in hydrogen. The hydrogen 
was then removed again, by evacuation at 400°, and after cooling of the palladium in a high vacuum 
the tip C was broken. By this means pure dry mercury came into contact with palladium freshly 
reduced and activated by sorption and desorption of hydrogen 

Although there was some appearance of wetting, the palladium sponge normally tended to “ float " 
on the mercury, and only gradually absorbed it over a period of many hours. According to the relative 
amounts of mercury and palladium used, the amalgams eventually formed had overall compositions 
ranging fromm Pdllg, to Palig,, it is not finally established in these experiments under what conditions 
more than one amalgam phase was formed, but the systems of high mercury content were obviously not 
homogeneous and contained liquid mercury 

Preparation of Palladvam Hydride Amailg .—-Pallad sponge, prepared and cleaned as above 
was saturated with hydrogen at room temperature and atmosphere, and, whilst hydrogen was left in the 
, ee arbitrary amounts of mercury stored above C were brought into contact with the Pd-H as 

ve 


Vigorous wetting was observed with the evolution of substantial amounts of heat. The mercury was 

at once absorbed to form a silvery-white amalgam, without change in pressure in the atus. A 

typical freshly formed amalgam had the —— Pdli, Hg, When kept for several hours, the 

amalgam changed in colour, to a dark grey, and part of the hydrogen was re-evolved so that the pressure 

of et in the apparatus rose above | atmosphere, and residual! composition was approx. 
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They retained their residual hydrogen for many days, as was verified by freesing 

the residual was evolved at approx. 100—1 

amalgams showed that the structures were very much more complex than that of the original palladium. 
Palladium amalgams and palladium hydride amalgams gave rather similar car aaa with lattice 
spacings which suggested distorted cubic structures. A detailed X-ray analysis of what appeared to 
be a complex phase diagram would be necessary to sort out the phases present. This has not yet been 
attempted. Recently published preliminary X-ray analyses of Ug, are ive in this connection 
can be 2, 3, or 4; a Rundle and Wilson, Acta Crystadl., 1949, 2 148). 


ibilities showed that, whereas palladium the palladium amalgams and 
pallediom hydride amalgams described above were d approx. susceptibilities 
—@®13 10° for the amalgam Pd x lee the amalgam Ray 
termetallic bonding which saturates ali the 


Action of Mercury on Colloidal Palladium-Hydrogen Sols.—Paal and Steyer (Ber., 1918, 54, 
1743) described experiments which showed that liquid or colloidal mercury gradually interacted 
with aqueous colloidal palladium hydride with the displacement of hydrogen. They claimed 
that aii the hydrogen was evolved as a result of the action of the mercury, but their evidence 
was indirect and inconclusive. 

Poisoning of Palladium by Mercury in the Absorption of Hydrogen.--Ramsay (Phil. Mag., 
1894, 38, 206) claimed that palladium was poisoned by mercury, so that absorption of hydrogen 
did not occur. The present work indicates that fairly prolonged action would be required to 
obtain amalgamation. Mercury should act as a poison only if it reaches the palladium before 
the hydrogen can enter the lattice (cf. Hoitsema, Z. Physihal, Chem., 1895, 17, 1, and Lambert 
and Gates, Proc. Roy. Soc., 1925, A, 108, 456 for the use of mercury manometers in measuring 
palladium—bydrogen absorption isotherms). 

Increased Overpotential of Transitional Metals after Poisoning of the Surface by Meroury.— 
Observations on septum diffusion through iron (Aten and Zieren, Ree. Trav, chim., 1930, 40, 
641) indicate that mercury is adsorbed on the surface of metals such as iron after the surface 
has been made cathodic. This adsorption promotes higher pressures on the gas side of the 
septum. According to the arguments advanced by Ubbelohde (/., 1949, 2008), this indicates 
that the overpotential of hydrogen is increased by adsorption of mercury on the iron-plus- 
hydrogen. On the basis of the “ pseudo-metallic hydride” hypothesis, the mercury atoms 
form metallic bonds with surface hydride groups, and thereby delay transfer of hydrogen atoms 
required to permit pairing off as molecules of hydrogen. Reactive groups for hydrogen transfer 
are thereby blocked. 

Alternatiwwe Formulations of Hydrogen in Transitional Metals..Some consequences of the 
chemical formulation of the grouping (Pd-H) as a unit which forms pseudometallic bonds with 
other atoms, in a way similar to silver, may be briefly examined. 

Critical Solubility of hydrogen in alloys. (a) At room temperature, the alloy of approximate 
composition PdH,,, marks a system such that further addition of hydrogen leads to a steep 
rise in the dissociation pressure, as may be shown, ¢.g., by extrapolating the compositions 
found by Lambert and Gates at 75° to room temperature. This alloy may be written 
Pd,,,(PdH),,, or Pd(PdH),, By analogy, ternary alloys of compositions Pd(PdH),Ag, 
would be expected to show a steep rise in dissociation pressure of hydrogen when n 4+ m ‘> 1-9, 
i.¢., the solubility of hydrogen should sink to zero approximately when » ‘> 19 and m = 0, 
at room temperature. This corresponds with 65 atoms-% of silver, which is very near to the 
critical value actually found by various authors (cf. Rosenhall, loc. cit.). 

This critical value differs from that calculated on the electron-band formulation (Vogt, 
Ann. Physik, 1932, 14, 1; Mott, Proc. Physical Soc., 1935, 47, 571). From the observation 
that the paramagnetism of palladium sinks to zero when it is alloyed to form PdM,, where M is 
a monovalent “ metal” (Ag, Au, H, etc.), it has been argued that the peculiar solubility of 
hydrogen is associated with the vacant levels in the d band of palladium. If this were a complete 
theory, the solubility of hydrogen might be expected to sink to zero at the composition PdAg,g,, 
but this is not observed experimentally. The discrepancy is probably due to the fact that 
when the palladium lattice expands, «.¢., by alloying with hydrogen, or thermally, the change 
in overlap of the orbitals changes the energetics of the solution process (cf. Ubbelohde, loc. cit.). 

(6) At higher temperatures, palladium -silver alloys actually show an'enhanced solubility 
for hydrogen (Sieverts, Jurisch, and Metz, Z. anorg. Chem., 1915, 92, 329). Though the 


palladium. 
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observations are too confusing to permit elucidation of the whole effect, it seems significant 
that the alloy which shows maximum solvent power has the approximate stoicheiometric 
composition PdAg,,,;. On the “ chemical” view the palladium appears to be able to free 
additional bonding orbitals when the palladium atoms are separated by silver, and when the 
tise in temperature reduces the overlap of the bonding orbitals in the palladium. 

Migration of Hydrogen to the Crystal Boundaries in Polycrystalline Metals.—On the Pauling 
concept of metallic binding, boundaries between crystals in a polycrystalline meta) must be 
regions where the bond system is distorted owing to imperfect matching of the planes of atoms. 
Some of the bonding orbitals may actually be unused at the separation of two crystal grains. 
This would correspond on the “chemical” formulation to the development of partial free 
valencies at the crystal boundaries. When only small amounts of hydrogen are dissolved in a 
metal it would be expected that the hydrogen atoms would migrate to the regions of partial 
free valency, where the units M~-H should be formed with greater stability than within the 
erystal lattice. This possibility of preferred location at internal discontinuities has important 
metallographic implications, of which the most familiar to chemists is the liberation, in ingots 
of steel, of hydrogen gas at very high pressures, with the formation of hair-line cracks. 

Pseudo-metaliic Units in Catalysis.—There is nothing new in the concept that (MH,) on the 
surface of a metal may play an important part in catalysis. It is, however, important to 
emphasise that if (MH,) has an external electronic system capable of forming further metallic 
bonds, this may help to explain phenomena of poisoning of hydrogenation catalysts at low 
temperatures by metals such as mercury (cf. Vanhaeren and Jungers, Bull. Soc. chim. Belg, 
1945, 54, 236). No simple alternative explanation of poisoning by mercury can be suggested, 
unlike poisoning by electronegative atoms such as sulphur. 


NOTE ON DEGENERACY OF THE PROTON GAS IN METALLIC SOLID SOLUTIONS. 


As has been indicated above, the “ chemical " formulation of hydrides such as (PdH) seems 
the most convenient in certain cases. Alternative formulations, such as the electron-band 
theory, have powerful mathematica! advantages, but are less amenable for consideration of the 
behaviour of individual atoms. Finally, if hydrogen is considered as a meta! formed on 
compression of H, molecules to about 10* atmospheres (cf. Ubbelohde, Joc. cif., 1937), it is worth 
noting that the degeneracy parameter, 


where M — mol. wt., and » = concentration in moles/litre, takes on a value in so-called 
interstitial hydrides which indicates that substantial degeneracy of the “ proton gas "’ could be 
attained experimentally. Writing = 10°, T 300° k.,and M = IgivesC 16. Deuterium 
with Mf — 2 should have C = 45 and should furthermore have different statistics from 
hydrogen. 


Queen's University, Becrasr. Received, December 10th, 1949.) 


236. The Chemistry of Carcinogenic Nitrogen Compounds. Part IV. 
New Substituted Angular Benzacridines and Dibenzacridines. 
By No. Pu. Buv-Hoi. 


In continuation of earlier investigations (cf. Buu-Hoi, /., 1946, 792; 1949, 670, 2882), 
numerous new angular benzacridines and dibenzacridines weap | substituents in various 
positions have been prepared by known methods for examination of their potential carcinogenic 
or anti-carcinogenic —— . In connection with this work, many new diarylamines and 
benzphenothiazines are bed. 


In the |: 2-benzanthracene and | : 2-benzacridine series, replacement of a methy! group at 
the meso-position by a heavier alkyl group always lowers, or even destroys, the carcinogenic 
activity (cf. Lacassagne, Buu-Hoi, Lecocq, and Rudali, Bull. Cancer, 1946, 33, 48; 1947, 34, 
22; Shear and Leiter, /. Nat. Cancer Imst,, 1940, 1, 103; Badger, Cook, ef al., Proc. Roy. Soc., 
B, 1942, 181, 170). For instance, 5-ethy!l-7-methyl- and 5-ethyl-9-methyl-1 : 2-benzacridine 
are only slightly active, whereas both 5: 7- and 5 : 9-dimethyl-1 : 2-benzacridine are extremely 
powerful carcinogens. Nevertheless, this rule does not necessarily hold when positions other 
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than the meso are involved; thus 6-isepropyl-l : 2-benzanthracene has been found to be more 
active than the methy! homologue, and both 5-ethyl- and 5-9-propyl-1 : 2-benzanthracene also 
show marked activity (cf. Cook, “ Ergebnisse der Vitamin- und Hor forschung,”” 1939, 


In order to increase the number of substances to be studied from that point of view, many 
new homologues of 1: 2- (I) and 3: 4-benzacridine (II) bearing substituents of various sizes 
and shapes at the meso-position and elsewhere have now been prepared. 

The Ullmann-Fettvadjian reaction (condensation of paraformaldehyde with a heated 
mixture of a naphthol and a primary arylamine; cf. Ber., 1003, 36, 1029) with p-tert.-amyl- 
aniline and a- and $-naphthol yielded 7-sert.-amyl-1 ; 2- and -3: 4-benzacridine respectively. 
The same reaction, applied to 2-methyl-5-isopropylaniline and §-naphthol, readily gave 
9-methy!-6-isopropyl-3 : 4-benzacridine. 8-1s0Propy!-3 : 4-benzacridine, an anologue of the 
carcinogenic 6-tsopropy!-| : 2-benzanthracene, was obtained by therma! cyclodehydration of 
N-cymy!-6-naphthylamine in the presence of lead oxide (cf. Ullmann and La Torre, Ber., 1904, 
37, 2924); this secondary amine was prepared from §-naphthol and 2-methy!l- S-tsepropy- 
aniline by the conventional Knoevenagel method (cf. Knoevenagel, J. pr. Chem., 1914, 89, 17). 

In order to ascertain the effect of ethyl groups in the meso-position when several other 
substituents are also present, a large number of 5-ethyl-1 ; 2- and -3 : 4-benzacridines bearing 
further radicals elsewhere was prepared (see Table I). Their synthesis was readily achieved 
by the modified Bernthsen reaction (Buu-Hoi and Lecocq, Compt. rend., 1944, 218, 648; Ree. 
Trav. chim., 1945, 64, 251), involving propionic anhydride, zinc chloride, and a series of diversely 
substituted N-arylnaphthylamines. Of these, V-3-chloro-2-methylphenyl-«- and -§-naphthyl- 
amine, previously unknown, were prepared as usual from 3-chloro-2-methylaniline and the 
appropriate naphthols, and gave 8-chloro-5 : 9-dimethyl-1:2- and -3: 4-benzacridine. An 
Ulimann—Fettvadjian reaction could also be performed with 3-chloro-2-methylaniline and 
6-naphthol, yielding 8-chloro-9-methyl-3 : 4-benzacridine. In these chlorine-containing 


Tasze I, 
Substituted 5-ethyl-1 : 2-benzacridines. 


* Found C, 88-4; H, 6-2. * Found: C, 88-2; H, 6-8. 


Leipzig. p. 237). 
e-Naphthylamines Crystal N, %- 
Substituents. “on form. M.p. Formula. Found. Regd. 
7-Methy! needles 149°) 50 52 
@Methyl ......... N-m-tolyl- needles 85 
9Methy! N-o-tolyl- needles 83 50 52 
8-Chloro-9-methy! yellow prisms 1m = NCI 45 46 
nyl- 
7:8-Dimethyl ... silky needles 143° Hy N* 47 49 
6:9-Dimethyl ... needles 9 C,,HyN 46 40 
6:7: 9-Trimethyl N--cum silky needles 126 «C,H, N* 46 +7 
Substituted 5-ethyl-3 : 4-bensacridines. 
8-Naphthylamines Crystal N, %- 
Substituents. a form. M.p. Formula. Found. Reqd. 
&-Methyl ........... N-m-tolyl- needles 45 OC, HN 50 62 
@-Methyl ............ N-o-tolyl- needles 138 61 5-2 
8-Chioro ............... N-m-chlorophenyl- needles 17%6) C,H, NCI 46 
7: 8-Dimethyl ....... N-o-xylyl- needles 165 Hy N* 48 49 
7:9-Dimethyl ...... N-os.-m-xylyl- needles C,H 45 
8:9-Dimethy! ...... N-vte.-o-xy needles 137) Cy, 
6:7: 9-Trimethyl N-¢-<cumyl- needles 1560 Cy HN 46 47 
T-tert.-Amyl ......... N-p-tert.amylphenyl- oil +2 43 
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Taste Ia. 
Prcrates of substituted 2-benzacridines. 
Crystal N, %. 

Substituents. form.* M. p. Formula. Found. Reqd. 
Orange needles 146° Colin ON, 10-9 112 
7:8-Dimethyl yellow needies 212—213 Cyr, O0,N, 10-6 10-9 
8:@-Dimethy!l orange needles 170—171"* Ne 10-8 10-9 
6:7: @Trimethy! ............ orange needles 154—156° 10-4 10-6 

Picrates of substituted 5-ethyl-3 4-benzacridines. 
Crystal N, %- 

Substituents. form. M. p. Formula. Found. Reqd. 
Yellow needles 244—245" IL-2 
orange needics 243-245 110 12 
yellow needies 240—241 11-2 
needles dec. > 216 10-4 10-7 
yellow needies 256-248 yO, 10-9 
7:9-Dimethyl yellow needies dec. > 200 10-8 10-9 
&:@-Dimethyl orange needies 7—238 10-6 10-9 
&Chioro-O-methyl yellow needles 223-—223 10-6 10-8 
%Trimethy! ............ orange needles 266—267 ON, 10-3 10-6 
AMY yellow prisms 203— 204 7 10-0 


* All picrates, except those of 9-methyl-, § ; 0-dimetbyl-, and 6 : 7 : 9-trimethyl-1 : 2-benzacridine 
(which were readily soluble in ethanol and were recrystallised from that solvent), were recrystallised from 
&@ great volume of xylene. * These ow m. p.s are characteristic of picrates of | : 2-benzacridines 
bearing a methyl! group in the 9-position (cf u-Hoil, j., 1949, 670). 


substances, the halogen atom occupies a position similar to that in 6-chloro-10-methyl-1 : 2- 
benzanthracene (Newman and Orchin, J. Amer. Chem. Soc., 1939, 61, 244). From N-p-chloro- 
phenyl-§-naphthylamine and acetic anhydride, 7-chloro-5-methy!-3: 4-benzacridine was 
prepared, the position of the halogen ag dng A akin to that in the carcinogenic 7-chloro-10- 


methyl-1 : 2-benzanthracene (idem. ibid., 60, 586). 
Taste Il. 
Substituted 1: 2- and 3: 4-bensphenothiazines, 
Naphthylamines Crystal N, % 
Substituents. used. form. M.p. Formula. Found. Req. 
7: & Dimethyl-3 4 N-o-xylyl-f- yeliowish needles 182° C,,H,.NS* 49 50 
6: & Dimethyt-3 4- milky needles 170 47 50 
& : 0-Dimethyl-3 4- N-wte.-0- ayly!-p- silky needles 182 NS* 50 50 
N-3-chloro-2-methyl- pale yellow 193 C,,H,NSCL 46 47 
phenyl-s- 
4- N-p-tert.-amyl- yellow 123. Cy, 42 a4 
phenyl B- needles 
N-p-sec.-amyl- greenish oil C,,H,,NS 45 44 
phenyl-s- 
9-Methy!l-6<sopropyl- N-cymyl-p- greenish oil NS 438 46 
3:4 
7-Phenyl-3 4- N-4-diphenylyl-s- yellow needles 226 «6C,,H,,NS 43 43 
7: & Dimethyl-1 ; 2- N-o-xylyl-a- silky needles 176 48 50 
7-Phenyl-1 2- N-4-diphenylyl-a- yellow needles 100 43 


* Found: Required: 5, 119%. * Found: S, 121%. * Found: S, 121%. Found: 
10-3. Required: 8, 100%. * Found ; S, 10-0, Required : 98%. B. p. 310-—320°/18 mm. 


Replacement, in the Bernthsen reaction, of acetic and propionic anhydrides by higher 
aliphatic acid anhydrides allowed the preparation of further polysubstituted 3 : 4-benzacridines, 
namely, 7- and 6:7: 5-n-butyl-6: 7 : 0-tri- 
methyl-, 5-isobutyl-7-methyl-, and 5-»-amyl-7-methy!-3 : 4-benzacridine. Aromatic meso- 
substitution is present in 8-methyl-5-phenyl-, 7 : 9-dimethyl-5-phenyl-, and 6 : 7 : 9-trimethyl- 
5-pheny!-3 : 4-benzacridine, prepared by means of benzoic anhydride and the appropriate 
secondary amines. The introduction of a pheny! group in other positions was also achieved by 
performing Bernthsen reactions on N-2-diphenylyl-8- and -a-naphthylamine (prepared as usual 
from o- and p-aminodipheny!l); 5-methyl-7-phenyl-1:2- and 5-methyl-9-phenyl-3 : 4-benz- 
acridine were thus prepared. In view of the carcinogenic activity observed in some phenol 
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ethers of the | : 2-benzanthracene series such as 3-methoxy-, 10-methoxy-, and 10-methy!-3- 
methoxy-! : 2-benzanthracene (Fieser and Dietz, ibid., 1929, 61, 3141; Fieser and Hershberg, 
ibid., 1937, 59, 1028), a similar compound in the benzacridine series, 9-methoxy-5-methyl- 
3: 4-benzacridine, was prepared from N-o-methoxyphenyt-§-naphthylamine and acetic anhydride 
in the usual way. 

The relation between carcinogenicity and substitution in the series of dibenzacridines has 
scarcely been explored as yet, and the preparation of some homologues of bisangular dibenz- 
acridines is therefore recorded here: 3-methyl-1: 2:6: 7<libenzacridine (111; R’ — H, 
R = Me) was obtained by an Ulimann-Fettvadjian reaction between 4-methy!l-1-naphthyl- 
amine, §-naphthol, and paraformaldehyde; an 2:6: 7-dibenzacridine was 
similarly obtained from 2-naphthylamine and a fert.-buty!l-2-naphthol of unk n constitution 

from trimethylcarbinol and §-naphthol (Tschitschibabin, Bull, Soc. chim., 1035, 
2, 497). 5-n-Butyl- (111; R H, R’ Bu®*), and 5-isobutyl-1 : 2: 6: 7-dibenzacridine (111; 
R = H, RK’ = Bu‘) were easily prepared from «$-dinaphthylamine with n-valeric and isovaleric 
acid by the Bernthsen reaction. 
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(IV; R = Et), S-isopropyl- (IV; R = Pr, 
and 6-isobuty!-3 : 4: 6: 7-dibenzacridine (IV; R = Bu‘) have similarly been obtained from 
di-8-naphthylamine and propionic, isobutyric, and isovaleric acid, respectively. It may be 
mentioned that di-G-naphthylamine was best prepared by heating §-naphthylamine with a 
little iodine, the Knoevenagel procedure yielding a product which contained N-pheny!l-8- 
naphthylamine (cf. Buu-Hoi, loc. cit.). It may be recalled in this respect that 5-methyl- 
3: 4:6: 7-dibenzacridine has been found to be moderately carcinogenic (Lacassagne, Bun-Hol, 
Lecocq, and Rudali, loc, cit.), whereas the non-methylated 3: 4: 6 ; 7-dibenzacridine 


very feebly so (cf. Barry ef al., Proc. Roy. Soc., 1935, B, 117, 318). 
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Tasie Lil. 
5-Substituted acridines. 
Crystal | 
Substituents. Acid used. form.* M.p. Formula. Reqd. 
iw 
hexahydrobenzoic needles L 85 CyH 53 
.......... Bphenylvaleric prisms L 109 CyH, 49 
5-p-n-Propyipheny! ............. p-propylbenzoic prisms E 191 Cul 47 
Be-Naphthyl prisms B 197 CoH 46 
f-Maphthoic needles B 245 Cyl, N 46 
6-Benzy!-3 : 7-dimethy! ...... phenylacetic needles E 185 Col 47 
6e-Naphthyl-3 7-dimethyl  a-naphthoic pnsms 106 42 
Tasce 
Prcvates of 5-substituted acridines. 
Crystal N, %- 
Substituents. form,* M. p. Formula. Found, Reqd. 
yellow needles E 207° CyHyON, 116 117 
Ge-Cctyl B 194 1065 107 
159 yO N, 10-0 10-2 
5-p-n-Propyiphenyl ............ needles C 230—232° Colin 106 106 
5-(3-Phenyl-n-butyl) ............ needles E 217 10-1 10-4 
Ge-Naphthyl Orange leaflets C 266—268 N 103 
orange neadles € 268° 102 106 
5-Benzy!-3 7-dimethy! ....... prisms C 223° 10-4 10-6 
3: 7-Dimethyl-5-e-naphthyl... orange prisms C 256—260* Cy, HON, 10-8 
* Solvents : B benzene; C chlorobenzene; E ethanol; L ligroin. * B. p. 220°/0-6 mm. * With 
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In view of the strong inhibitory effect of certain b benothiazines on graited tumours 


(Baclger ef al., Proc. Roy. Soc,, 1942, B, 180, 255), and of the structural relation between that 
kind of compound and the carcinogenic benzacridines and benzcarbazoles, a number of 
derivatives of 1:2- (V) and 3: 4-benzphenothiazine (VI) was prepared by heating the 
appropriate diarylamines with sulphur in the presence of iodine (Knoevenagel, J. pr. Chem., 
1914, 89, 23) (see Table Il; for similar compounds, see Buu-Hoi ef al., Rev. scientif., 1944, 82, 
30; 1945, 83, 170). 

Following the findings of Spear (cited by Cook, Amer. J. Cancer, 1940, 39, 386) concerning 
the hasteriing of the carcinogenic action of 3: 4-benzpyrene by quinaldine and isoquinoline, 
various diversely substituted acridines have been synthesised from diphenylamine and aliphatic 
and cyclic acids (see Table III). A significant fact observed was the ready formation of 
cinnamic anhydride in fairly good yield, in the course of an attempt to synthesise 5-styryl- 
acridine by heating cinnamic acid with diphenylamine and zine chloride. This unexpected 
route to cinnamic anhydride might be useful for its preparation. 

Most of the new substances quoted above have been, or are now, under biological examination 
by Professor A. Lacassagne in this Institute. 


EXPERIMENTAL. 


7-tert.-Amyl-1 2-benzacridine.—To boiling mixture of a-naphthol (5 g.) and -amylaniline 
(5 g.), paraformaldehyde (0-6 g.) was caut y added in small portions; after 10 minutes’ further 
refluxing, vacuum-distillation yielded an orange oil (b. p. ca. 300°/18 mm.) which was dissolved in ethanol 
and treated with picric acid. The crude pierate obtained (2-5 g.) was recrystallised twice from xylene, 
yielding giinting ora e-yellow leaflets, m. p. 207-—-209° (decomp.) (Found: N, 10-7. C,,H,,O,N, 
requires N, 10-6%) he free base obtained on treatment of the picrate with dilute aqueous ammonia 
was extracted with benzene, and cr liised from ligroin in long almost colourless needies, m. p. 98° 
(Found: N, 47. Cy,H,.N requires N, 47%); its hydrochloride formed, from aqueous ethanol, yellow 
prisms, m 205—215". 

T-tert 4-bensacridine.—Similarly obtained from p-ert.-amylaniline (10 g.), §-naphthol 
(10 g.), and paraformaldehyde (1 g.), etc, the picrate formed, from nitrobenzene, fine yellow needles, 
m. p. 254--256° (decomp.) (Found: N, 10-5. C,,H,,O,N, requires N, 106%). The base (1 g.) 
crystallised from methanol in pale yellow needles, m. p. 97°, b. p. 295-—208°/15 mm. (Found; C, 4 
H,7-1; N, 46. requires C, 883; H,70; N, 47%); the hydrochloride formed long silky deep- 

m. p. ca. 248-253", from aqueous ethanol. 


yw needles, 
Methyl-@-isopropyl-3 : 4-benzecridine.-This compound (2 g.), obtained from B-naphthol (8 g.), 
2-aminocymene (6 g.), and (1 g.), formed, from ethanol, ong pale yellow 
2 


m. p. 130-131", b. p. 206 36 mm C, 884; H, 68; 46. requires C, 88-4; 
H, 66; N, 40%); its prerate crystailised from xylene im orange-yellow silky needles, m. p. 246—248° 
(decomp.) (Found: N, 11-0. C,,H,,O,N, requires N, 10-99%). 

N-2-Maethyl-5 isopropylphenyl B-naphthylamine.—A mixture of aminocymene (15 g.), 8-naphthoi 

15 g.), and iodine (0-2 g.) was refluxed for 16 hours, and the dark oi] formed was taken up in benzene, 
washed with aqueous sodiam hydroxide, and dried (Na,SO,); after removal of the solvent, the residue 
was fractionated in a vacuum, giving 12 g. of a thick yellowish oily base, b. p. 256-—258°/18 mm., readily 
autoxidised in the air (Found: N, 50. C,H,,N requires N, 5-1%) 

§-isoPropyl-3 : 4-bensacridine.—The foregoing amine (2-5 g.) was heated in a Claisen flask at 350° 
with finely powdered lead oxide (25 g.) for some minutes, the temperature being subsequently raised 
to the b. p.; the oily yellow distillate was dissolved in hot ethanol, and picric acid added. The picrate 
thereby obtained formed, from nitrobenzene, fine yellow needles, m. p. 276" (Found: N, 114. 
CyHON, uires N, 11-2%); the free base (0-1 g.) formed, from aqueous methanol, silky almost 
colourless needies, m. p. 111-112" (Found: C, H, 64; N, 54. requires C, 88-5; H, 
2; N, &2%) 


N-3-Chloro-2-methylphenyl-a-naphthylamine.-—Odtained in the usual way from a-naphthol (15 g.), 
3-chiore-2-methylaniline (15 g.), and iodine (0-2 g.) (18 hours’ refluxing), this amine formed, from 
ligroin, colourless prisms, m. p. 71", b. p. 251--263°/18 mm (Found: N, 50. C,,H,,NCI requires 
N, 52%). The isomeric (20 ¢.), similarly obtained from 
§-naphthol, formed, from ligroin, colourless needies, m. p. 75°, b. p. 250--260°/18 mm. (Found: N, 


®-CAloro-5 9-dimethyl-1 (4 g.) was 
heated with acetic anhydride (5 c.c.) and dry zine chloride (7 g.) at 190—200° for 20 hours. The mixture 
was treated thoroughly with hot aqueous sodiam hydroxide and xylene. The organic layer was separated 
and dried (KOH), the solvent removed, and the dark viscous residue vacuum-distilied. The 
orange-yellow distillate (3-5 g.) crystallised from benzene in long silky pale yellow needles, m. p. 1 
sparingly soluble in ethanol (Found: N, 50. C,,H,,NCI requires N, 4-8%) 

8-Caloro-5 O-dimethyl-3 : 4-benzacridine.— Prepared as above, this compound formed, from benzene, 
vale yellow silky needles, m. p. 186°, also sparingly soluble in ethanol (Found: N, 4.8%); the 

ed, from toluene, silky orange-yellow prisms, m. p. 208-—-209° (Found: N, 10-4. C,,H,,O,N,C) 

requires N, 10-7%) 
4-bensacridine.—-The vacaum-distilled product (slight decomp.) obtained from 
S-naphthol (10 g.), }-chioro-2-methylaniline (10 g.), and paraformaldehyde (1 g.) crystallised from ethanol 
in long pale yellow prisms, m. p. [81° (0-5 g.) (Found: C, 77-6; H, 44, N, 52. C,,H,.NCI requires 
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C, 77-8; H, 43; N,50%). Anattempt to 7-chloro-3 ¢-benzacridine ing the Ulmann- 

4-benzacridine. th 42) at 1p 

from ethanol in long pale yellow necdies, m. p. 160° (Found ; N, 40%); qe formed, from xylene, 
orange-yellow silky needles which charred above 240—245°. For other | : 3-benzacridines see Table II. 
7-Methyl-5-n-propyl-3 4-bensacridime, (5 5) was heated with 
#-butyric acid (5 g.) and fused zinc chioride (10 g.) to 200° for 4 hours and then to 210-225" for 20 hours. 
After the usual treatment, é-densecridime was obtained as a yellow viscous resin 
m. p. 112°, sparingly soluble in alcohol (Found: N, 5&2. its prerate formed 
prisms, m. p. 254—256", from nitrobenzene tkound N, 10-8. C,,H,,O,N, requires N, 
10-6%). 0- ¢-bensacridine, similarly prepared from N-o-toly!-p-naphthylamine, 
yello a4 from alcohol (Found: C, 882; H, 66; N, 5-1. 
Cy, requires C, 88-4; H, 67; N, 49%): the crystallised from benzene in fine yellow 
needics, m. p. 211-212" my (Fou N, 6:7: 4 bene 
acridine formed tufts of glinting silky needles, m. p. 135° (Found: C, 880; H, 7-3; N, 44. C,H N 
881; H, 7-3; N, 45%); the pisvets fine yellow from benzene) 
* (Found: N, 10-4. C,,H,.O.N, requires N, 4 
obtained in yield, had b. p. 270-—272°/10 mm., and formed long siiky almost colourless needles, 
m. p. 110—I11°, from methanol (Found: N, 45. C,,H,,N requires N, 47%); this compound is : 
extremely soluble in benzene and ethanol, and ox a picrale separating from benzene in bright yellow 
m. p. 230-232" (decomp.) (Found: N, 10-4. C,,H,,O,N, requires N, 10-6%). 5-n-4 
~methyl-3 : 4-benzacridine had b. p. 200-—2956°/12 mm.,and formed unctuous tufts of long 
needles, m. p. 82°, from alcohol (Found: N, 44. C,,H,,N requires N, the prcrate crystall 
from chlorobenzene in yellow prisms, m. p, 233-—234° (decomp.) (Found: N, 10-4. C,,H,,O,N, requires 
N, 10-3%). 5-n-Butyl-6: 7: 4-denzacridine, obtained gene yield. formed long 
colourless fluffy needles, m. p. 135°, sparingly soluble in alcohol (Found; N, #3. requires 
N, 42%); its picrate formed silky yellow needles (from nitrobenzene), m. p. 257-262" (decomp.) 
(Found: N, 10-2. C.H,,O.N, requires N, 10-09%). &-Methyi-5-phenyl-3 4-bensacridine (2 
obtained from N-m-toly! tapnthylamine (2 g.), benzoic anhydride (2 g.), and zine chioride (5 g.) 
6 hours at 200-210", formed brilliant, ne, ay cy needles, m. p. 185°, sparingly soluble in alcohol 
(Found: N, 44. C,,H,,N uires N, ; from nitrobenzene in elongated 
orange-vellow p. 260262" (decomp.) (Found: N, 10-2. C,,H,O,N, requires N, 102%). 
73 Dimethyi-b-phenyl-3 &-bensacridine separated from alcohol-benzene in fine yellowish prisms, 
m. p. 198° (Found: N, 41. C,,H,,N requires N, 6-7: 9-Trimethyl-5-phenyl-3 4-bensacridime 
crystallised from alcohol-benzene im long, silky, 7 yellow needies, m. p. 145° (Found: N, #1. 
Cy H,,N requires N, ‘on: its picrate formed, from benzene, silky orange-yellow needies which 
at 210—213° (Pound: N, 94. C,,H,,O,N, requires N, 97%). 

From 2-aminodipheny! (90 -naphthol (20 and iodine 
(0-2 g.) (12 hours at * and 16 further hours at 240°), this amine (36 g.) was obtained as a resinous 
yellow oil, b. p. 270-—280° 14 mm., which crystallised from ethanol or ligrom in large colourless prisms, 
m. p. 81° (Found: N, 47. C,,H,,.N requires N, 4-7%); its picrate formed, from ethanol, silky dark 
vioket needles, m. p. 104". 

5- Methyl-9-pheny!-3 : 4-benzacridine.——This benzacridine (1 g.), prepared from the foregoing amine 
f g.), acetic re re (5 ¢.c.), and zine chioride (7 g.), formed, from ethanol, pale yellow clusters, m. p. 
44° (Found: N, 42. C,,H,,.N requires N, 44%), and the corvenpenting pleat crystallised from 
nitrobenzene in fine deep-yellow prisms, m 232° (Found: N, 10-2. C,.H,O,N, requires N, 102%). 

etc "Obtained (30 g.) from e-naphthol (20 g.-), 4aminodiphenyi 
(258 }, and iodine (0-1 g.), the te wy | crystallised from ethanol in fine colourless prisms, m. p. 149°, 

p. 310—315°/15 mm. (Pound; N, 4-6. C,,H,,N requires N, 47%). The isomeric N-4-diphenyly!-p- 
oapieetomine (35 g.) formed, from benzene, lustrous colourless leafietsa, m. p. 147°, b. p. 305-— 
310°/14 mm. (Found N, 65%). 5-Methyl-7-phenyl-1 : 2-bensacridine, as usual from 
formed, from ethanol—benzene, ye needles, m. p. 197° 
(Fou C, #1; H, 5-5; N, 42. C,,H,,N requires C, 90-3; H, 6-3; N, 44%). 

acetic anhydride (5 c.c.), and zinc chioride (6 g.), and purified its prcrate which formed, from we 
nitrobenzene, golden-yellow silky needles, m. p. 267° (Found: N, 110. C,,H,,O,N, wires, N 
11-1%), the base (0-5 g.) crystallised from aqueous methanol as silky yellow needles, m p. 130 i40* 
{he solvated had m. p. <80*), with sulphuric acid an orange-yellow colour (Found 

, IN requires N, 52%). 

3-Methyi-1 as usual from (ef. Barclay, 
Thompson, /., 1944, 109; u-Hoi and Gaettier, Compt. 1946, 228, 665) 5). 
£-naph (5 and paraformaldehyde (0-5 the base (1-5 g.) formed, from ethanol-benzene, 
needles, m. p. 163° (Found: N, 465. C,,H,.N N, 47%). crystallised 

nitrobenzene in fine orange-yellow prisms, m. p. 270° (decomp.) (Found: N, 10-46. 
N, 10-7%). 
x-tert 6: 7-dibensacridine formed, from ethanol-benzene, fine pale yellow 
m. (50%) (Found: C, 82; H,60; C,,H,.N requires C, 89-5; H, 6-2; N, 
n-Butyl-1 2 6 : 7-dibeneaoridine.—This base formed, from benzene, pale yellow fluffy needles, 
m. ~224° (Found: N, 42. N, 41%). 
isomeric 5-isobutyl-1 : 2:6: 7 from benzene in silky yellowish needles, 
ithyl-3 4: 6 g-) was obtained by heating, at 220-— 
250° for some hours, §-naphthylamine (12 ¢.) Udine &.); the dibenzacridine obtained from this 
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amine (2 g.), anhydride (2 c.c.), and sinc chioride :- ) formed, from benzene, silky yellowish 
necdies, m. p (Pound ; N, 42. requires N, 4 AY its prcrats formed, from nitrobenzene, 
fine yellow p. > 300" (decomp. ( (Pound: 10-0." requires N. 102%), 
220° (Pound; #2. N requires N, 43%); 5- 3: 4:6: 7-dibemsacridine similar 


jes and m. p. 219— Pound : N40. 41%). 
bese {18 g.) from f-aapbthol (20 p-ter 
amy latiting (26 g.), and iodine (0-2 g.) in the usual way, formed, from methanol 
colourless needies, m. p. 80", b. p. 264-—286"/20 mm. (Found: N, 45. requires N. ¢ 


from ligroin colourless needles, m. p. 58", b. p. 272-—276"/20 mm. ( Cy, HN requires 
N, 48°). Both amines were y and their strong violet 
fluoremence 


Preparation of Substituted 1:2- and 3: 4-Benzphencthiacines—-A mixture of the appropriate 
secondary amine (1) mol.) and sulpbur (2 atoms) was heated at ca. 150—185° with a little iodine until the 
evolution of hydrogen sulphide ceased; the dark sticky mass obtained was fractionated in a vacuum or 
recrystallised several times from benzene of acetone. All the substances obtained (see Table I!) gave 
deep colours with sulphuric acid, ranging from viclet-blue to Prussian-blue, and were readily antonidieed 
to brownish-red insoluble substances. 

Preparation of Substituted Acridines (see Table II1).—A mixture of diphenylamine and an excess of 
the appropriate aci! was heated with an equal weight of fused zinc chloride at 200° for 12 hours and 
then at 20 220° for 12 more hours. After treatment with aqueous sodium hydroxide, the acridine 
was dissolved in toluene or aqueous xylene and vacuum-distilied. When the acid used was cinnamic 
acid, the only product thas was cinmamic anhydride (m. p. 136", after crystallisation from 
ligroin), 


This work is part of a cancer research, carried out under Professor A. , with the financial 
support of the United States Public Health Service (Federal Security A The author expresses 
his thanks to the authorities concerned, and also to Miss P. F. Boshell, } re! (Oxon ), for ye & with this 


work. Some of the substances described, especially 5-methyl-7- -phenyl- “lh: . have been 
found to be carcinogenic. 
oF Oncanic Cnuemisrey, 
Tux Rapiom Inerrrurs, Univexsrry ov Pans. (Received, December 14th, 1949.) 


237. Kxperiments on the Synthesis of the Pyrethrins. Part 1V. 
Synthesis of Cinerone, Cinerolone, and Cinerin-I. 
By Leste Cromprm and Stantey H. Harper. 


(+)-Cimerolone of natural origin is ozonised and acetaldehyde together with a small 
proportion of formaldehyde obtained. It is considered that the formaldehyde is derived from 
pyrethrolone contaminant, whilst the isolation of acetaldehyde confirms the presence of a 
w»-but-2-eny! side-chain in cinerolone 

From consideration of the course of a previous synthesis of a stereoisomer of cinerone 
(Part I), it is concladed that the former is trans-cinerone and by exclusion the natural com- 
pounds have a cis-m-but-2-enyl side-chain. 

Semi-hydrogenation of »-pent-3-yn-l-ol leads to cis-n-pent-3-en-l-ol, which is converted 
into cts-n-hex-3-enoic acid and thence by a thirteen-stage overall synthesis (see flow sheet) 
into ¢1s-cinerone, identical with the naturally derived ketone 

Condensation of the intermediate methy! css-2-keto-n-hept-5-ene- 1 -carboxylate (as the sodium 
salt) with pyruvaidehyde, and cyclisation, leads to (-{.)-cts-cinerolone, similarly uentical with 
naturally derived ( +)-cinerolone 

By esterification with (+-)-érans-chrysanthemic acid (Part I) a total synthesis of cinerin-I, 
one of the active principles of natura! pyrethrum, is achieved. This and the racemic ester 
from (+)-trans-chrysanthemic acid are insecticidally active. 


Tur flower-heads of Chrysanthemum cinerariifolum (pyrethrum) are now considered to contain 
at least four compounds which are responsible for the remarkable insecticidal activity of 
pyrethrum powder and extract. These active principles are pyrethrin-I (Ia), pyrethrin-I1 (1d) 
cinerin-1 (lc), and cinerin-II (Id) (for a recent review of pyrethrum chemistry see Harper, Ann. 
Reports, 1948, 45, 162). 


CO-O-CH< 1b; R « 
‘CH, ) 
Me“ 


O (le; R = CH, ; R’ 
(Id; R= cH, R’ Me.) 

With the probable exception of pyrethrin-II these keto-esters have not been isolated as such but 

only characterised in the form of their hydrolysis products. The presence of cinerin-I and 
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cinerin-LI in pyrethrum extract was made likely when LaForge and Barthel (J. Org. Chem., 1044, 
9, 242; 1945, 10, 106) isolated cinerolone (II) in both (+)- and (+)-forms, together with pyre- 
throlone, from the alcoholic products of hydrolysis. By analogy with pyrethrolone it was 
assumed that both cinerin-I and cinerin-II are present in pyrethrum extract. Their insecticidal 
effectiveness was demonstrated when LaForge and Barthel (ibid., 1047, 12, 199) re-formed 
cinerin-I and cinerin-II by esterifying both (+)- and (+-)-cinerolone with naturally derived 


(tL) 
(+)-trans-chrysanthemic (chrysanthemum monocarboxylic) acid (IIT) and (+ )-rans-pyrethric 
acid (the monomethy! ester of chrysanthemum dicarboxylic acid) (IV) respectively, and these 
were shown to be highly toxic to houseflies by Gersdorff (J. Econ. Extomol., 1947, 40, 878). 
LaForge and Barthel (J. Org. Chem., 1945, 10, 114) treated cinerolone with thiony! chloride 
to give a chlorocinerone, containing highly reactive chlorine and giving the parent ketone 
cinerone on reduction with zinc. On the basis of terminal methyl! value, the ultra-violet 
absorption of cinerolone, and analogy with pyrethrolone they assigned structure (V) to cinerone, 


(VIL) (VIL) 


222) they reduced cinerolone to dihydrocinerolone and 
converted this, via chi d, into dihydrocinerone, whose structure as 3-methy}-2-9- 
butyleyclopent-2-en-l-one (V1) was confirmed by comparison with a synthetic specimen. 

Since structure (VII) for cinerone was not excluded on spectroscopic grounds and assigament 
by termina) methy! valves was rather uncertain, one of us attempted (Harper, Part II, ]., 1946, 
892) to elucidate the structure of cinerone by direct synthesis. 3-Methy!-2-»-but-2’-eny!- and 
-2-n-but-3’-enyl-cyclopent-2-en-l-one (V and VII respectively) were prepared but neither was 
identical! with naturally derived cinerone. Since structure (VIII) was excluded on spectroscopic 
(cinerolone shows no absorption attributable to a cross-conjugated diene and 2$-unsaturated 
ketone system; cf. West, /., 1946, 463) and other grounds it was concluded that naturally 
derived cinerone was the opposite geometrical isomer to the synthetic ketone (V). 

We have ozonised (+)-cinerolone regenerated from a specimen of “ cinerolone A-1 " semi- 
carbazone, kindly provided by Dr. T. F. West (cf. loc. cit.). The volatile aldehydic product was 
converted into a heterogeneous dimedon derivative, which by conversion into the anhydride was 
shown to contain as the major component the anhydro-derivative of acetaldehyde, together with 
a small amount (~10%) of the derivative of formaldehyde. The source of the latter may well 
be a little pyrethrolone contaminant in this specimen of (+-)-cinerolone. This conclusion is 
supported by the ultra-violet absorption of this and similar preparations of cinerolone semi- 
carbazone (West, loc. cit.) which show appreciably more absorption at 2310 + 10 a, than does 
tetrahydropyrethrolone semicarbazone (Gillam and West, J., 1942, 671), due to the separate 
conjugated diene chromophore of the pyrethrolone side-chain. Likewise LaForge and Barthel’s 
preparations of cinerolone (J. Org. Chem., 1945, 10, 114) may have contained pyrethrolone : 
they had refractive indices higher than would be expected for ketones of this type; further the 
(+)-cinerolone had ¢,,,, 15,500 at 1, 2275 a., whereas these trisubstituted a$-unsaturated 
ketones normally have c,.,, ~12,000 to 13,000 (cf. Gillam and West, /., 1942, 486; Harper, loc. 
cit.; and data in this paper), the increased intensity being due to the superimposed absorption 
of the conjugated side-chain chromophore of the pyrethrolone side-chain. Although it seems 
probable that a pure specimen of (+ )-cinerolone has not yet been isolated from pyrethrum 
extract, nevertheless this ozonisation confirms that cinervlone, in contrast to pyrethrolone, 
contains a terminal ethylidene group, i.¢., the but-2’-eny! side-chain. 

The synthesis of 3-methyl-2-n-but-2’-enylcyclopent-2-en-l-one (V) started from croton- 
aldehyde which was reduced by the Meerwein-Ponndorf procedure to crotyl alcohol. This was 
converted by cold concentrated hydrochloric acid into croty! chloride and thence by a malonic 
ester chain extension, into the pure crystalline malonic acid (m. p. 115°), and by decarboxylation 
into »-hex-3-enoic acid (this was described as A‘-hexenoic acid, but using the current /ournal 
convention the carboxyl group is no longer numbered), identica! with that made earlier by 
Eccott and Linstead (/., 1929, 2163) from crotyl bromide using the same route. There is no 
doubt that commercial crotonaldehyde has the trans-configuration. Young (/.A mer. Chem. Soc., 
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1932, 64, 2493) obtained only frans-crotonic acid on oxidation with cold aqueous silver oxide, and 
studies of the Raman spectrum by Grédy and Piaux (Compt. rend., 1934, 198, 1235), of the 
ultra-violet absorption spectrum by Blacet, Young, and Roof (/. Amer. Chem. Soc., 1937, 59, 
608), and measurement of the dipole moment by Bentley, Everard, Marsden, and Sutton (/., 
1949, 2957) have confirmed the exclusive trans-configuration. Likewise croty! alcohol, chloride, 
and bromide, derived from commercial crotonaldehyde, have the trans-configuration. Grédy 
and Piaux (Joc, cit.) suspected, on the evidence of Raman spectra, the presence of a small 
proportion (<10%) of eis-isomer in croty! bromide, though crotyl chloride (idem, Bull, Soc. 
chim., 1935, (v), 2, 1029) was entirely trans. Winstein and Young (J. Amer. Chem. Soc., 1936, 
58, 104, and subsequent papers), however, were unable to detect any cis-isomer by fractional 
distillation of the bromide and showed it to consist of frans-croty! bromide together with some of 
the rearranged product, I-methylallyl bromide. Lane, Fentress, and Sherwood (bid., 1944, 66, 
645) showed that such mixed croty! chlorides or bromides interact with cuprous cyanide to give 
the same mixture of cyanides, in which the primary (91°56%) predominated and they suggested 


that reaction proceeded through the mesomeric ion, CH,--CH—CH—CH,. Recently, however, 
Kepner, Winstein, and Young (ibid., 1949, 71, 115) examined the reaction of both croty] chloride 
and t-methylally! chloride with ethyl sodiomalonate. They showed conclusively that in the 
former case reaction proceeds by a normal bimolecular (S,2) mechanism to give >99% of 
crotylmalonic ester. In the latter case the mechanism is again mainly S,2, leading to 1-methy!l- 
allyimalonic ester, though 6—10% crotylmalonic ester is formed by an abnormal bimolecular 
(Sy2’) mechanism. A Syl mechanism is rejected. Clearly, the n-hex-3-enoic acid, prepared 
from trans-croty! chloride, via a crystalline intermediate, and used in our earlier work, was pure 
trans-n-hex-3-enoic acid. Furthermore, we consider that the ¢trans-configuration was maintained 
throughout the subsequent synthesis, the intermediate trans-n-hex-3-enoic acid leading to pure 
3-methy!-2-trans-n-but-2’-enyleyclopent-2-en-l-one (hereinafter referred to as trans-cinerone). 
By exclusion, therefore, naturally derived cinerone has the cis-configuration. 

Since semi-hydrogenation of an acetylenic link, using a supported palladium catalyst, is the 
most convenient synthetic method for the introduction of a cis-double bond (Campbell and 
Campbell, Chem. Reviews, 1942, 31, 90) the route to cis-cinerone detailed on the chart was 
explored. A preliminary account of this work was given in Nature (1949, 164, 543). 


H cH, a, CrCH-—-CH, Mg Me fir CrcH —CH, Ne 
¢ 


NaN 
——> — 


— +> MeCHOCH-CHyCH,Br — MeCHICH-CHyCH,COH 
ess- (XVI) 
Act CO, Bt COMe NaUiMe 
— Me —> 
(XVIL) (XVIIL) cor 


CH,BrCOMe on COMe 
(XIX) Na deriv ative 
| 
nw 
MeCINCHCH CH -CONa yCH(OH)-COMe 
(XXL) (XX11) 
Chrysanthomic arid 


(TT) > ite 
The ring fission of the readily available mixed cis- and trans-3-chloro-2-methyltetrahydro- 
furans (IX) with sodium provides an excellent route for the preparation of m-pent-3-en-1-ol (X), 
which we have shown consists of a cis-trans-mixture, the latter predominating (Crombie and 
Harper, forthcoming publication). We have further shown that, when this mixture (X) is 
brominated in ether at low temperature and the 3: 4-dibromopentanol (XI) is dehydro- 


IX 
H,OH 
La, 
i 


(1950) the Synthesis of the Pyrethrins. Part IV. 1155 


brominated with sodamide in liquid ammonia, #-pent-3-yn-1l-ol (X11) is obtained (/., 1950, 873). 
Much 3(or 4)-bromopent-3-enol was also formed : the reason for this is probably that the first 
stage of the dehydrohal tion is the formation of 3(or 4)-bromopent-3-enol, which can exist 
in cis- and frans-forms (XIIle, 6, ¢, and 4). Subsequent trans-elimination of hydrogen bromide 


(XI la.) (X1Le.) 


should be easy from (XIIIa) and (XIIIc) but difficult from (XIIIb) and (XIIId). The 
by-product, 3(or 4)-bromopent-3-en-l-ol, hence probably has the cis-configuration. Recent 
similar cases of the recovery of the monob d in the dehydrobromination of a 
dibromide with alcobolic potassium hydroxide have been recorded by Stoll and Commarmont 
(Hele. Chim. Acta, 1949, 82, 597) and by Normant (Compt. rend., 1948, 226, 1734). We have 
also encountered this difficulty in other cases of dehydrohalogenation with sodamide in liquid 
ammonia (cf. Nature, 1949, 164, 1053). The #-pent-3-yn-1-ol was semi-hydrogenated by use of 
palladium on calcium carbonate, to give cis-n-pent-3-en-1-ol (XIV) in high yield. Conversion of 
the latter into the bromide (XV) with phosphorus tribromide in pyridine and carboxylation of 
the derived Grignard reagent gave cis-n-hex-3-enoic acid (XVI). The properties of this acid and 
of its derivatives are compared with those of what is clearly the pure frans-acid, made from 
crotyl chloride or bromide by malonic ester chain extension (Eccott and Linstead, loc. cit. ; 
Letch and Linstead, /., 1934, 1994; Harper, Joc. cif.), in Table I. 


I. 


M. p. B. p. 

cis-n-Hex-3-enoic acid ' ... — 35" to 106° /14 mm. 1.4403 

frans-n-Hex-3-enoic acid* to +1° 108—100/19mm. 1-4387 
+r 102/12 mm. 1-4367 87 

This work. Letch and Linstead, 1034, 1994. 


Treatment of cis-n-hex-3-enoic acid (XVI) with thionyl chloride gave cis-n-hex-3-enoyl 
chloride (XV11) in high yield, which was condensed with ethyl sodioacetate in ether to yield 


ethyl cis-2 4-diketo-n-non-7-ene-3-carboxylate (XVIII). Without distillation this was treated 
with cold sodium methoxide in methanol to give methyl cis-2-heto-n-hept-5-ene-\|-carboxylate 
(XIX) by ketonic fission. The sodio-derivative of this §-keto-ester in ether was treated with 
bromoacetone and the resultant methyl cis-2 : 5-diketo-n-dec-8-ene-4-carboxylate (XX) cyclised 
at once, without prior distillation, by stirring with 3% aqueous sodium hydroxide at 70°, The 
3-methyi-2-cis-n-but-2’-enyicyclopent-2-en-l-one (V) (hereinafter referred to as cis-cinerone) was 
isolated by distillation and purified by conversion into the semicarbazone and regeneration with 
ee The ketone was further characterised by formation of the p-nitro- and 

2 : 4-dinitro-phenylhydrazones. Specimens of the first two derivatives of naturally derived 
cinerone were available from our previous work and their melting points were not depressed on 
admixture with the corresponding derivatives of synthetic cis-cinerone. On the other hand 
marked depressions of the melting points were observed when the corresponding derivatives of 
trans-cinerone were admixed with those of synthetic cis-cinerone, as had been observed with those 
of naturally derived cinerone (Harper, loc. cit.). The properties of synthetic cis- and trans- 
canerone and naturally derived cinerone and of their derivatives are compared in Table Il. The 
identity of naturally derived cinerone as 3-methyl-2-cis-n-but-2’-enyleyclopent-2-en-l-one is 
thus established. 

LaForge, Green, and Gersdorff (J. Amer. Chem. Soc., 1948, 70, 3707) have recently described 
the synthesis of a cinerone, preparing the intermediate ethy) 2-keto-n-hept-5-ene-1-carboxylate 
by an alternative route from crotyl chloride. Alkylation of ethyl! sodioacetoacetate with croty! 
chloride followed by ketonic fission yielded n-hept-5-en-2-one, which was carbethoxylated on 
the methyl group by use of ethy! carbonate and sodium hydride to give the required intermediate. 
This synthetic cinerone was not identical with naturally derived cinerone, but the melting points 
of the semicarbazone and p-nitrophenylhydrazone were lower than those of the derivatives of 
trans-cinerone, and it would eppear to be a cis-trans-mixture in which the latter predominated. 
The origin of the croty! chloride is not described, but commercial materia! prepared by chlorin- 
ation of the but-2-enes may contain some cis-isomer (cf. Young and Andrews, ibid, 1944, 66, 421) 
although it is mainly é¢rans-crotyl chloride. If this was used the heterogeneity of the starting 
material may afford some explanation of the final lack of identity. This tentative explanation 


1156 Crombie and Harper: Experiments on 


assumes that when either cis- or trans-crotyl chloride reacts with ethyl sodioacetoacetate the 
double bond maintains its configuration and there is little or no allylic rearrangement. This is 
80 for trans-crotyl chioride, from the work described above, but whether cis-crotyl chloride 
behaves similarly is so far as we are aware unknown. If the reaction proceeds through a normal 
bimolecular (5,2) mechanism, analogous to that with ethyl sodiomalonate (cf. Kepner, Winstein, 
and Young, loc. cii.), then retention of configuration would be expected. Because of this 
uncertainty we chose to start our synthesis of cis-cinerone from a cis-»-pent-3-eny! halide rather 
than from a cis-croty! halide, although a synthesis of #-but-2-yn-l-ol and thence of cis-croty] 
alcohol is in progress and it may thus be possible to examine this point. 


Taste Il. 
Terminal! 
methy! 
1.4982 1-52 2320 12,200 
frans-Cinerone** 1.4083 167 2350 12,000 
cinerone * 1.02 — 
Semicarbazone. 
‘methyl 
m. p. M. p groups. 
cis-Cinerone ! 152-5" 138° 214° 24,000 1-51 
trans-Cimerone%* .......... 162 161 220 2660 21,800 1-38 
Natural cinerone* ............ 148 214—215 1-70 
This work. * Harper, Part LI, /., 1046, 892. * LaForge and Barthel, /. . Chem., 1945, 


10, 114. adjusted to 25° by using — 


In 4 preliminary exploration of the above route to cinerone the mixed cis-trans-n-pent-3-en-1-ol., 
obtained directly from the ring fission, was employed as the starting material at the stage 
(XIV ——» XV). The semicarbazone of the cinerone was initially heterogeneous (m. p. 210— 
215°), but after recrystallisation the major and less soluble component had m. p. 222-—-223° and 
on admixture did not depress the melting point of pure frans-cinerone semicarbazone (Harper, 
joc. cif.). Further confirmation that this preparation of cinerone was predominantly of the 
unnatural configuration was obtained by preparing the p-nitrophenylhydrazone from the ketone 
regenerated from the semicarbazone of m. p. 210-215". This p-nitrophenylhydrazone had 
initially m. p. 160-155", but fractional crystallisation gave as the major component the less 
soluble form (m. p. 158 159°), which did not depress the melting point of the trans-derivative. 
From the mother-liquors a more soluble fraction, m. p. 147-—-150°, was isolated but this depressed 
the melting point (148-—150°) of naturally derived cinerone p-nitrophenylhydrazone. It was 
evidently a cis-trans-mixture still on the érans-side of the eutectic. This additional preparation 
of unnatural cinerone, starting from predominantly frans-n-pent-3-en-l-ol, provides 
corroboration of the frans-configuration of this ketone and of the intermediate n-hex-3-enoic 
acid used in the original synthesis. 

By utilising methyl cis-2-keto-n-hept-5-ene-l-carboxylate (XIX), prepared above as an 
intermediate in the synthesis of cis-cinerone, we have achieved the synthesis of (+ )-cis-cinerolone. 
The acetoacetate was hydrolysed by shaking it with 3% aqueous sodium hydroxide at 20° for 
3 days to give a solution of the sodium salt of the §-keto-acid (X XI). This salt was condensed 
with commercial aqueous pyruvaldehyde at 35° and pH &8°5 (cf. Henze, Z. physiol. Chem., 1930, 
189, 121; Stébr and Henze, tbid., 1932, 206, 1; Stdhr, shid., 1935, 235, 265; Schechter, Green, 
and LaForge, /. Amer, Chem. Soc., 1949, 71, 1517, 3165), then acidified and warmed to effect 
decarboxylation, and the resultant cis-3-hydrory-n-dec-8-ene-2 : 5-dione (XXII) isolated by 
distillation, Cyclisation of this y-diketone by shaking with 3% aqueous sodium hydroxide at 
20° yielded (+ (11) [hereinafter 
referred to as (4-)-cts-cinerolone). The latter was characterised as its semicarbazone and as its 
acetate semicarbazone, These derivatives were identical with the corresponding derivatives of 
naturally derived (+4 )-cinerolone in melting point, and mixed melting points. Admixture with 
the corresponding derivatives of (+. )-trans-cinerolone (prepared in collaboration with Mr. A. J. B. 
Edgar, forthcoming communication) gave the expected marked depressions of melting point. 
Similarly, naturally derived (+-)-cinerolone semicarbazone and acetate semicarbazone depressed 
the melting points of the corresponding derivatives of (+ )-frans-cinerolone. Comparison of the 
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(+)-cis- and (+-)-trans-cinerolone and their derivatives with naturally derived 
made in Table III. 


Taste Ill. 
B. p./mam. 
102—105°/ <0-05 
116—118°/0-6 
120-—124°/1 


M. p. 


199—200 
199-200 
work. * Crombie, Edgar, 
Chem., 1945, 10, 106, 114. * West, 
* = adjusted to 25° by using — 


+ Utilising synthetic (+-)-cis-cinerolone the first total synthesis of one of the active principles 
of pyrethrum flowers, that of cinerin-I, has now been accomplished by esterification with 
(+)-trans-chrysanthemic acid. The synthesis and resolution of (+-)-frans-chrysanthemic acid 
was described by Campbell and Harper (Part I, /., 1945, 283), who showed that the p-phenyl- 
phenacyl ester of the synthetic (+-)-frams-acid was identical with that of the natural acid. 
Hence for convenience naturally derived acid was used for this esterification in the form of its 
chloride, which was treated with a pyridine solution of (4-)-cis-cinerolone. This synthetic 
cinerin-I was isolated by distillation (b. p. ~132°/5 x 10° mm.) and consists of the diastereo- 
isomeric pair of esters, (-+)-cis-cimeromyl (+-)-trans-chrysanthemate (Ic) (for an explanation of this 
nomenclature, see Harper, Chem. and Ind., 1949, 636). By a similar esterification with 
(+)-trans-chrysanthemic acid we have also prepared the fully racemic ester, (+ )-cis-cineronyl 
(+-)-trans-chrysanthemate. Preliminary examination of these esters against houseflies has 
shown them to be insecticidally active. When more material can be prepared a comprehensive 
comparison of relative toxicities between stereoisomers and with structural analogues will be 
made using several species of insects. 

Since naturally derived (+-)-cis-cinerolone has previously been converted into cinerin-LI, 
using naturally derived (+-)-trans-pyrethric acid (LaForge and Barthel, J. Org. Chem., 1947, 12, 
199), this work also constitutes a partial synthesis of cinerin-II. 


EXPERIMENTAL. 


(Microanalyses and ultra-violet absorption spectra are by Drs. Weiler and Strauss, Oxford.) 


cis-n-Pent-3-enyl Bromide —cis-n-Pent-3-en-1-ol (37 g.), prepared as y described (Crombie 
(47 «.. 1-2 mol.) was added dropwise with stirring during 2 hours The bromide was distilled by heat 
with a free flame and boiled mainly at 86-—-102°/210 mm. (59 g.). 
10% sodium hydroxide and twice with 10% sulphuric acid, a little 
to aid tion, the product was dried and distilled, to yie 
64%), b. p. 128—140°, 1-4736. A portion , Fedistilled for 
1-4734 (Found : C, 40-3; H, 6-15; wr. C,HoBr requires C, 3; 
Acid.—A Grignard was prepared from cis-w-pent- -B-enyl bromide 
and 100 mil.). A further 100 mil. of ether were then 
reagent was cooled in solid carbon dioxide and carbox st Coy 
the surface of the stirred solution. Finally a excess of solid carbon dioxide was added and 


ether, and the acid liberated by a layer of | 
(Pound Cc ; H, 


cinerolone is 
Terminal 
methyl 
groups. 
-trans-Cinerolone* ... 1-53 
Natural (+)-cinerolone * 1-66 2276 15,500 
Semicarbazone. 
methyl semicarbazone, 
A- groups. m. p. 
+)-cis-Cinerolone* ...... 197-190 2650 25,200 147 147—148° 
2650 22,000 1-60 157—159 
2650 21,000 145 161—152 
2660 17,000 160— 152 
and ’ and Barthel, J. Org. 
(0004 per degree. | 
aqueous ethanol), m. p. 55° (Found C, 25; 
requires C, 54-1; H, 485%), the anilide, colourless needles. m. p. 62°, from light petroleum (b. 
60—80") (Found C, 76-25; H, #1. requires 761; 80%). 
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trans-n-Hes-S-enore Acad ~The acad Valet ast 1946, 892) had m. 
to b. p. 108-—109°/19 mm., 4387 


m. p. 81-6—82-5" (Found : C, H, 5-0. 
485%). and as the anilide, colourless p. 87°, from light petroleam (b 

O80"). 

cis-n-Hes-B-encyl Chloride-Thionyl chloride (21-8 g., 132 ml.) was added dropwise to 
chloride (18-8 p. 52°/28 mm., 1-4496 (Found: C, 54-1; 545; H, 7-25, 7-3; Cl, 25-8. 
CH H, 6-45: C1, 26-7%). 

thy ce? : 4 T-ene-3-carbory sodioaceto- 


acetate was prepared from powdered sodium ‘y 5) and ethy! acetoacetate (20-2 g.) in anhydrous ether. 
ots-m-Hex-3-enoy! chioride (18-2 g.) was added ly and the suspension then refluxed for 5 hours 
Water was added, the solution just acidified, and the ethereal layer removed, washed, and dried 
Kvaporation of the ether gave crude eth —_—— -3’-enoylacetoacetate which was used without 
distillation for the next stage. This sim tion of procedure has since been adopted for the prepar- 
ations described in Part II (loc. eit.) 

Methyl ¢(y-cis-n- But -2°-enylacetoacetate) —The crude ethy! 
a-cts-m-hex-3'-enoylacetoacetate (above) was added to cold sodium methoxide prepared by dissolving 

és — ghd } in methanol (80 mi.). After 24 ian the solution was diluted with much water, just 
‘ thoroughly extracted with ether. Distillation of the ethereal extract gave crude methyl 
S-enoate (62 b 55-00" /17 mm., 14257, and methyl y-cis-n-but-2’-enylacetoacetate 
(11-0 g., 47%), b. p. 62-—-66°/0-04 mm. In a see experiment the y was 51%. For analysis a 
portion was redistilled., having p. 76-78" 0-6 mm., aff 1.4507 (Pound: C, 63-1; H, 845. C,H,,O, 

requires C, 63-5; H, 825%). This ester gave an intense red colour with fernc chlonde. 

Methyl cis-2 (0-24 g.) 
was powdered under xylene and then suspended in ether. Methyl »-cis-n-but-2’-enylacetoacetate 
(1-47 g.) was added slowly and the nsion kept overnight to complete the formation of the sodio- 
derivative, which is partly soluble in ether. Fr 'y distilled bromoacetone (2-5 g.) was added and the 
suspension refluxed & 2hours. Water was added, the aqueous layer acidified, and the product isolated 
from the ethereal layer by drying and evaporation. It was not distilled but used in the crade state for 

isation 
(cis-Cimerone).—The crude methyl! a-cis-n-hex-3’- 
enoyl-iavulate (above) was vigorously stirred with 3% sodium hydroxide solution (35 ml.) at 70° for 
3 hours. The solution became brown and had 4 jasmone-like smell. It was cooled, acidified, and 
thoroughly extracted with ether. The extract was dried and distilled, to give 700 mg. of crude ketone, 
b. p. 69°/0-2 mm. to 70°/0-35 mm., which was purified by conversion into the semicarbazone. The 
crude ketone (680 mg.) in ethanol (2 ml.) was added followed by pyridine (0-5 m1), to a hot solution of 
semicarbaznle hydrochloride (530 mg.) in water (0-5 ini ). The mixture was refluxed for | hour and then 
filtered, and the semicarbazone (600 mg.) washed with aqueous ethanol. On recrystallisation it formed 
colourless leaflets from ethanol (Found C, 63-6; H, 83; N, 196. C, ts gON, requires C, 63-7; H, 
#3; N, 202%). Light absorption 2650 a. 24,000. melting point and mixed melting 

t, determined simultaneously, showed this semicarbazone to be with that from naturally 

ved cinerone (cf. LaForge and Barthel, /. Org. Chem., 1945, 10, 114) : 


Synthetic. 1: 1 Mixture. Natural. 


209 209 
M.p. ... 213-214 (decomp.} 213-—214 (decomp.) 


When admixed with frans-cinerone semicarbazone (Harper, Joc. cit.) and put in the bath at 190°, 
1; 1 mixture softened and b brown at 200°, and was completely molten at 206”, thus dumanstrating 
their non-identity. 

Pure cis-cimerone was regenerated by semicarbazone (300 mg.) with oxalic acid 
im water (3 mi.) for lhouwr The ketone was ted by extraction with lig . petroleum (b 
and distilled, having b ~120°/15 mm., «ff 1-002 (167 mg.). It had a pleasant jasmone- 
Light absorption 2320 12,200 (Found: Me-C, 15-2%) Nitrophenylhydrazine (30 mg.) 
was suspended in methanol (2 m1.) and heated to boiling. A very small of concentrated hydrochloric 
was added, followed by cis-cinerone (30 mg.). After 15 minutes’ the derivative was 
allowed to separate overnight. The p-sitrophenylhydrazone formed orange-brown flattened needles 
(from methanol), m. p. 161-5-—152-5" (Pound : C, 670; H,68. C,,H,,O,N requires C, 67-356; H, 6-7%) 
A 1: mixture with the of naturally derived cinerone (m. p. 148—150°) 


and Barthel, joc. ctf.) a m. p. 148-—150". A 1: 1 mixture with #ans-cinerone p-nitrophen 
hydrazone (m. p. 160-162") (Harper, loc. cif.) softened some lower, before finally melting at 1 
2 : 4-dinttrophenylaydrazone was prepared im a similar fashion from cis-cincrone (20 mg) and 

2 : 4-dinitrophenylthydrazine (25 mg.). At first the derivative separated as a gel, ar: on recrystallisation 
eS superb dark red needles, m he ~138° (Pound : C, 58-0; H, 55; N, 16-7. oH ,,O,N, requires 

582, H, N, 16-90%) the melting point of trams-cinerone 4-dinitropheny! 
hydrarone (m. p ) (Harper, jee. cit.) to 128-131" 

trans-Cimerone — in a preliminary investigation the above route to cis-cinerone was tested using the 
mixture (b. p. 138-—141"; 1-4374) obtained directly from the ring fission 
of the mixed c1s- and trans-3-chioro-2- methyltetrahydroturan (Cromtme and H. i un blished). This 
(112 g.) yielded successively »-pent- 1 bromide (142 g., p. 89-—07°/225 
mm., «ff 14720), »-hex-3-enoic acid (64-5 g.. 65%; b. 7—119°/24 mm., 4380), ), #-hex-3-enoy! 
chloride (65 g  91:5%. b. p @0°/24 mm.), methy! »-»- t-2’-enylacetoacetate (41 50% b. p. 
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1- and crude cinerone (22-5 b. p. 


y) 
from the semicarbazone, m . 210-215", had b 
+h} MeC, 167%). This ketone gave a p- yihy 
—- on fractional crystallisation from methanol gave as the less 
158-—159°. This did not depress the m. p trans-cinerone 
m. p — which when admixed with naturally derived cinerone p-ni 
bydrazone (of m 147-150") was depressed to m. p. 140-142". 
cis-3-H ydrowy-n-dec-8-ene-2 5-dione. —Methyl y-cis-n-but-2’-enylacetoacetate (60 g.) was shaken 
with 3% sodiam hydroxide (50 ml.) for 3 days at 20° A little unhydrolysed was removed with 
light petroleum, and the solution of sodium y-cts-n-but-2’-enylacetoacetate used divectiy. To this 
ution a measured volume of commercial pyruvaidebyde (35% w/v aqueous solution containing 
uric acid) was added dropwise until the mixture became acid. Enough further pyruvaldehyde to 
make the total quantity 7-25 ml. (1-0 mol.) was then neutralised with 10% sodium hydroxide and added. 
This final solution was adjusted to pH 8-5 (narrow-range indicator paper). This solution was kept at 
It was then acidified and heated 


p. 61—67°/0-2 mm., 
hydroxy-n-dec-8-ene-2 : 5-dione (2 30 ), 
p. 92-—-03°/0-05 mm., Cc, 65-4: H, 8-75. CyH,,O, requires C, 66-2; 

8-75% 

(+)-4- 3-methyl-2-cis-n-but | (+-)-cis-Cimerolone) —-3-Hydroxy -css- 
5-dione (1-6 94, (38 mh) ot for 6 hours. The 
oily suspension was then acidified and thoroughly extracted with ether, washed, dried, and distilled. The 
ma y of the uct (500 me) had b. R; 115---125°/0-08 mm., and on redistillation gave 

-cis-cinerolone (370 mg.), b. 105°, <0-05 mm., »ff 1-5120 (Found C, 71-25; H, #9, 85; 

eC, 12-1. C,,H,,O, requires H, 85%) ht absorption 2300 A.; 10,800. 

(+)-eis-Cinerolone (55 ) was diluted with et (0-2 ml.) and to semicarbazide hydro- 
chioride (30 mg.) in water ( mil.). Pyridine (0-03 ml.) was added and the mixture heated in a sealed 
tube at 100° for 40 minutes. Cooling, filtering off, and washing the product with aqueous alcohol gave the 
semicarbazone (46 mg.), m. p. 195— 196°, after previous darkening. Kecrystallisation from 5: 3 ethyl 
acetate-ethano! gave ( +)-cis-cinerolome semicarbarone as colourless crystals, m. 197—199° (decomp 


C, 593; H, N, 181; Me, 90%. Cy requires C, 58-9; H, &1; N, 187%) 


ht absorption 25,200 mixture wi naturally derived )-cinerolone 
semicarbarone [m. p. 196-—198° ef. West, /., 1946, 463) also had m. p. 196-1 (decomp.). 
The actual m. p.s cbeerved depended on the rate of Citing and values between 192 —200° were obtained 
by varying it. Several m. p.s were determined, always with the three samples side by side in the bath, 
and no depressions were observed. (-4-)-cts-Cinerolone semicarbazone depressed the m. p. of (+ )-frans- 
cinerolone semicarbazone [m. p. 208—209° (decomp.)) (prepared with Mr. A. J. B. Edgar, unpublished) 
to 192°, with some to 195° 

(+)-ets-Cinerolone ( was dissolved in benzene and a slight excess over the theoretical amounts 

ae and acety! chloride was added. After 2 hours at room temperature and then 15 minutes at 

the solution was cooled, and water and ether were added. The ethereal layer was washed and dried 
al the solvent removed under partial vacuum, finally heating to 50° to remove excess of pyridine. 
Semicarbazide hydrochloride (25 mg.) in water (0-02 al) was then added and the mixture heated to 80°. 
Pyridine (0-02 ml.) and ethanol (0-15 ml.) were then run in and the mixture was heated for 2 hours at 
100° in a sealed tube. To the product water was added with stirring. After being kept a the 
crude acetate semicarbazone (5 mg.) was isolated and recrystallised. —_ (+)-cis-cineronyl acetate 
semicarbasone was identical with ae ones | derived “ cinerolone A-2 aceta semicarbazone (West, 
toc. cit.), mixtures showing no depression of the m. p. : 


1: 1 Mixture. 
146-147 
147-148 147— 148 


Synthetic (+)-cts-caneronyl acetate depressed the acetate 
semicarbazone (m. p. 157—159"), method similar to thet shove 35140", 
after softening whan being placed nm the bath at 1 
ved in benzene (1 ml.) containing pyridine (0-08 ml.). (+-)-tran 
red by the action of thionyl chloride on the naturally derived acid, and having b 
-4825) was added. Immediate reaction ensued and the product was set aside for 
washed with carbonate solution and then with water. After drying and 
ine at ad cp the residue was distilled. A small forerun was 
ester collected as one fraction (85 -), b. p. 
~132"/5 = mm., nd then the ot 10° mm. yielded cinerin-I having 


*/25 mm.}. The crude cinerone 
210" afer wirring with methanol 
A-, 23, . Fractional 
crystallisation from methanol yielded as the less soluble major component material, m. p. 222-224", 
after softening and becoming brown at 216°, which when admixed with wens-cinerone semicarbazone 
to #)° to bring about decarboxylation The product was isolated by saturating the mixture with salt Ys 
and extraction with ether. The heating and extraction were repeated several times. After the bulked ; 
extracts had been washed with acid and water the product was distilled. A low-boiling pale yellow 
Natural. 
Slow heating ; softening ............... 
146—147 
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Found: C, 750; H, 025. requires C, 750; H,#9%). LaForge and Barthel (/. Org. Chem., 


naturally derived components. The was not examined for the presence of free ( +)-trans-acid 
(ef. Part 1960, 971). 

(+)-trans-Carysanthemoyl Chloride.—To acid (40 «.) 
Mr. H. W. B. Reed; cf. € and Harper, I, J., 1945, 283) in light petroleum (b. 
thionyl! chloride (2-3 mi.) was added and the 
) 
" ; 190. requires C, 64-565; H, &1; Ci, 19-6%) 

+ )-cis-Ciner I (+-)-trans-Chrysanthemate.{+-)-cis-Cinerolone (65 mg.) was esterified with 

(+ )-trans-chrysan chioride (70 mg.) as above and distilled, to give the required ester (85 mg), 
b. p. ~190"/1 x 10°¢ mm., «ff 1-000 (Found: C, 73-7, 73-75; H, 90, 93%). No attempt was made 
to purify this ester further 

Naturally Derioed Cimerolone A-2 semicarbazone = mg.) (West, loc. cit.) was 
shaken with 0 b»- uric acid (2 ml.) under light petroleum (b. p. ; 2 ml.) for several days at 
room temperatere. Separation of the light petroleum layer, evaporation, and distillation of the residue 
at 0-06 yielded ( + )-cimerolone, having 15156. 

Oxonolysis of Naturally Derived (+)-C jone.-’* Cinerolone icarb (542 mg.) (West, 
loc. cit.) was shaken intermittently for 3 months with saturated potassium hydrogen sulphate solution 
under ether freed from peroxides and in a nitrogen atmosphere. Although a few mg. of semicarbazone 
remained unhydrolysed the ethereal layer was separated and evaporated, and the residual ( + )-cinerolone 
(assumed to be 400 mg.) dissolved in carbon tetrachloride (25 mi.). This solution was oronised at 0°, 
the exit gases being passed through aqueous dimedon, unti! excess of ozone emerged. Water was added 
to the ozonide suspension, and air aspirated overnight through and into the aqueous dimedon. The 
separated derivative had m. p. 127-131", not raised above 130-—132° by crystallisation from 50% 
aqueous ethanol (126 mg., 17% yield as the acetaldehyde derivative; cf. the 29% yield of pure derivative 
obtained on ozonolysis of trans-cinerone (Harper, loc. cis.) with the same apparatus and technique). 
89 Mg. of this mixed derivative in glacial acetic acid were heated at 100° for 12 hours and then diluted, and 
the tipttate was leached with sodium hydroxide solution. The insoluble acetaldehyde-dimedon 
“ anhydride,” crystallising from 50%, aqueous ethanol as plates, had m. p. 174°. Acidification of the 
alkaline extract yielded the formaideh -dimedon derivative (12 mg.), which, crystallising from 50% 
188°, not depressed on admixture with an authentic specimen 
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chloride (3-6 #1%), b. p, mm., 1-4851 (Found 


238. Syntheses of Some Derivatives of 4-Aza- and of 
2 : 4- Diaza-fluoranthene. 
By J. W. Coox and J. S. Morrarr. 


Derivatives of 4-azafluoranthene (ITI) have been prepared by cyclisation of . oye 
acy! derivatives of l-aminofiuorenone. Derivatives ol? 4-diazafluoranthene (IV) have 
been obtained by reaction of l-aminofluorenone with ary! cyanides or formamide, or by 
cyclisation of l-carbamidofiuorenone (IX; R, «~ NH, R, H). Nitration of I-carbethoxy- 
aminofiuorenone (IX; RK, ~ OEFt, R, «~ H) has given a mixture of products from which the 
4- and 2-nitro-derivatives have been separated. 4-Nitro-l-aminofluorenone has been utilised 
as an intermediate for the preparation of certain 4-aza- and 2: 4-diaza-fluoranthenes containing 
an amino-group in the 7-position of the azafluoranthene nucleus. Certain basic derivatives 
and quaternary ammonium salts of these two new heterocyclic systems have been examined for 
biological action, in particular in experimental trypanosomiasis and also in EF. histolytica and 
P. gailimaceum infections. None showed any very marked activity. 


In a series of patents (summarised in Houaben and Fischer, “ Das Anthracen und die 
Anthrachinone,” Thieme, Leipzig, 1929, pp. 643, 650) granted to 1.G. Farbenindustrie, there 
are outlined methods of preparation of derivatives of so-called “ anthrapyridine” (I; R = H) 
and “ anthrapyrimidine " (Il; R= H). According to these patents (¢.g., D.R.-PP. 192,201, 
203,752, 209,033, 250,885) and other publications (¢.¢., Dupont, Bull Soc. chim. Belg., 1943, 
52, 7), |-acetamidoanthraquinone and certain of its derivatives undergo cyclisation under the 
influence of, inter alia, alkali hydroxide solutions, to give anthrapyridone (I; R =< OH) and its 
derivatives. Derivatives of anthrapyrimidine (I[; R « H, Me, Ph, etc.) are reported to be 
formed by reaction of l-aminoanthraquinone and its derivatives with, for example, carboxylic 


. 
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acid amides (B.P. 401,731), N-alkylbenzimino halides (B.P. 386,861), or aryl cyanides at high 
temperatures, and in presence of condensing agents (B.P, 415,069). 

The object of the present work was to study the possibility of preparing basic derivatives 
; R, = R= 
2: 4-diaza-fluoranthene (IV; =- R, = by 
reactions to |-aminofluorenone a its derivatives. The aminofluorenone was conveniently 
prepared by application of the Cartius reaction (cf. Goldschmiedt, Monatsh., 1902, 23, 586; 
Huntress, Pfister, and Pfister, /. Amer. Chem. Soc., 1942, 64, 2845) to fluorenone-l-carboxylic 
acid (Fieser and Seligman, /. Amer. Chem. Soc., 1935, §7, 2174). Application of the conditions 
of the Schmidt reaction to this acid did not yield the desired amino-ketone, but gave a mix ture 
from which two products, one acidic and the other neutral, were isolated. From their analyses, 
these are considered to be 9-phenanthridone-\|-carboxylic acid (V), and 0-bydrosyphonanthridéne- 
8-carborylic acid lactone (V1) respectively, although the alternative structures, 9-ph 
8-carboxylic acid (VII), and 9-phenanthridone-l-carboxylic acid lactam (VIII), cannot be 
excluded. In contrast to previously reported facile cyclisations of |-acetamidoanthraquinone 


(vit) 


Oa OD 
(1X.) H (XI) 


(XI) 


and its derivatives by boiling aqueous or alcoholic alkalis (¢.g., D.R.-P. 192,201; Dupont, 
loc. cit.), l-acetamidofluorenone (IX; R, = Me, R, = H) on being heated with, tnxfer alia, 
methyl-alcoholic sodium methoxide solution or a suspension of sodium methoxide in nitro- 
benzene, under various conditions, was either unaffected or suffered hydrolysis to give the 
free amine. It was considered that cyclisation experiments with acy! derivatives in which the 
methylene group of the side chain is activated by the juxtaposition of a substituent possessing 
powerful electron-attractive properties might offer better prospects of success. Accordingly, 
l-acetoacetamidofluorenone (IX; R, = CH yCO-CH,, R, = H) was prepared from |-amino- 
fluorenone and ethy! acetoacetate, and this with sodium methoxide in nitrobenzene at 140° 
gave a cyclisation product which, from its method of formation, is probably 3-hydroxy-2-acety!- 
4-azafluoranthene (II1; R, = OH, R, « H, R, « CO-CH,). However, it is conceivable that 
cyclisation may have taken place in the alternative direction to give the isomeric lepidone 
derivative (X). Attempts to prepare (X) by heating (IX; R, «~ CH,-CO-CH,, R, « H) with 
concentrated sulphuric acid at 65° (cf. Misani and Bogert, J. Org. Chem., 1945, 10, 347) merely 
resulted in hydrolysis to !-aminofluorenone, and further investigation was not carried out. 
In order to obtain derivatives of (II1; R, = OH, R, = H) where R, represents groups which 
might subsequently be readily eliminated, the preparation of (IX; R, ~ CH,CN, R, = H) 
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and (IX; R, CHyCO,Et, = wee then investignesd. and ethy! 
R, = H), together with much NN’-di( fluorenon-1-yl)malonamids (XI). Somewhat improved 
yields of the former product were obtained by interaction of fuorenon-l-yi isocyanate and 
eyanoacetic acid. However, satisfactory yields of |-carbethory yfiuorenone (IX; R, = 
CHyCO,Et, RK, « H) were obtained either by condensation of |-aminofluorenone with ethyl 
malonate at 190°, which gave only small quantities of the accompanying malonamide derivative 
(X1), or by interaction of fluorenon-1-yl isocyanate and ethyl hydrogen malonate. Attempted 
cyclisation of (IX; R, « CH,CO,Et, R, = H) by approximately one equivalent of dilute 
sodium hydroxide solution gave mainly | together with a low yield of a 
carboxyl acid whose behaviour on heating and analyses suggested the structure of the $-ketonic 
acid (XII). Cyclisation was eventually effected by heating the carbethoxyacetamido-derivative 
with sodium methoxide in nitrobenzene at 140°, which gave, after hydrolysis, 3-Aydrory-4- 
asafluoranthene-2-carbosylic acid (111; R, = OH, R, = CO,H, R, =H). The acid was 
decarboxylated to give 3-Aydroxy-4-azafluoranthene (III; R, = OH, R, = R, — H), which 
with phosphoryl chloride gave 3-chloro-4-azafluoranthene (111; R, = Cl, Ry = R, = H). The 
chloro-compound was condensed with ammonia and a variety of amines to give 4-azafluoranthenes 
(ILL; Ry « R, H) in which R, NH,, NEt,, NH-CH,CH,NEt,, NH-CH,CH,CHyNEt,, 
and 

For the preparation of derivatives of 4-azafl thene containing an amino- or substituted 
amino-substituent in the fluorene part of the nucleus, the required intermediate mononitro- 
l-aminofluorenones were obtained by nitration of |-carbethoxyaminofluorenone (IX; R, = OEt, 
R, = H), which was conveniently prepared by heating fuorenone-l-carbosylic acid ande with 
ethanol, The resulting mixed products were separated into two isomeric nitro-1l-carbethoxy- 
aminofluc one having m. p. 210-211", and the other m. p. 171—172°. The higher- 
melting isomer, which was formed in greater yield (47°), was the 4-nitro-derivative, since 
diazotisation, followed by hypophosphorous acid reduction of its hydrolysis product, 4-nttro-1- 
aminofluorenone, gave & mononitrofluorenone whose m. p. (174—-175°) corresponds with that 
of the known 4-nitrofluorenone (Schmidt and Bauer, Ber., 1905, 38, 3737), and is clearly distinct 
from those of the known 2-nitro- and 3-nitro-fluorenones (see Ray and Barrick, ]. Amer. Chem. 
Soc., 1948, 70, 1492). The isomer, m. p. 171—172°, which was formed in smaller amount 
(27%), was shown to be the 2-nitro-derivative by the following evidence. Hydrolysis, followed 
by hypophosphorous acid reduction of the diazonium sulphate from the resulting 2-nifro-1-amino- 
fluorenone, yielded 2-nitrofluorenone (Diels, Ber., 1901, 34, 1758). Moreover, catalytic 
hydrogenation of the nitroaminofluorenone gave the corresponding diamino-ketone which, since 
with phenanthraquinone it gave a quinosaline derivative, must be | : 2-diaminofluorenone. It 
should perhaps be pointed out that the orientation of the 4-nitro-1-carbethoxyaminofluorenone 
depends on the reasonable assumption that on nitration of the carbethoxyamino-compound, the 
nitro-group enters the ring which contains the substituted amino-group. The proof of structure 
of the 2-nitro-derivative is, of course, independent of such an assumption. 

Condensation of 4-nitro-l-aminofluorenone with ethyl malonate yielded 

t fluorenone (IX; R, = CH,yCO,Et, R, « NO,) which cyclised on being heated with 
sodium methoxide in nitrobenzene, to give 7-nitro-3-hydrory-2-carbethory-4-azafluoranthene 
(IIL; R, » OH, R, « NO, R, = CO,Et). This, on hydrolysis, gave the free acid which, on 
decarboxylation, yielded (111; OH, R, = NO, 
R, «= H). Condensation of the corresponding chloro-compound with alcoholic ammonia gave 
7-nitro-3-amino-4-azafluoranthene (111; R, «= NH,, Ry = NO,, R, = H). Condensation of the 
chloro-compound with 3-diethyl propyl gave an oil which was reduced to 7-amino-3- 
(3-diethylaminopropylamino)-4-azafluoranthene (III; R, NH-CHyCH,yCH,NEt,, R, = 
R, ~ H), characterised as its crystalline dipicrate. Similar transformations of 2-nitro-l- 
aminofluorenone could not be carried out because this intermediate failed to condense with 
ethyl! malonate. 

Derivatives of 2: 4-Diazafluoranthene.-Condensation of 1l-aminofluorenone with phenyl, 
p-chloropheny!, and p-nitrophenyl! cyanide in presence of hydrogen chloride at ca. 190° gave 
respectively, 3-phemyl- (IV; R, = Ph, R, = R, = H), 3-p-chlorophenmyl- (IV; R, = p- 
CHCl, R, R, = H), and 3-p-witrophenyl-2 : 4-diazafluoranthene (IV; R, = p-NOyC,H,, 
R, ~ Ry = H). Reduction of the nitro-compound with iron powder afforded the 3-p-amino- 
phenyl derivative, Presumably, N-substituted amidines (¢.g., XIII; R, =~ Ph, R, = H) are 
intermediates in the formation of these products, and indeed it was found that N-( fuorenon- 
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1-y1)-N’-methylbenzamidine (XIIL; R, = Ph, R, = Me), which was prepared by condensation 
of l-aminofiuorenone with N-methylbenzimino chloride, 
influence of sodium methoxide in nitrobenzene at 140° to give (IV; 


enone (IX; R, = Ph, R, ~ NO,) 
and a compound (C,H,,O,N,) whose constitution was not determined. Only a trace of a 


The nitro-amino-ketone failed to condense with N-methylbenzimino chloride. 

Reaction between fluorenon-l-yl isocyanate and anhydrous ammonia yielded 1-carbamido- 
fluorenone (IX; R, = NH,, R, = H) which cyclised on being treated with sodium methoxide 
in nitrobenzene at 190°, to give 3-Aydroxy-2 : 4-diasaft thene (IV; Ry « OH, R, = R, = H). 
The latter product with phosphoryl chloride afforded 3-chloro-2 : 4-diazafluoranthene which was 
condensed with ammonia and 3-diethylaminopropylamine to give 3-amino- (IV; R, « 
NH, R, = R, = H), and 3-(3-diethylaminopropylamino)-2 : 4-diazafluoranthene (1V; = 

Interaction of l-aminofluorenone and boiling formamide gave a low yield of 2: 4-diaza- 
fiuoranthene (IV; R, = R, = R, = H). 4-Nitro-l-aminofluorenone, on similar treatment, 
yielded 7-amino-2 : 4-diazafi th (IV; R, = NH, R, « R, = H), together with its 

derivative. This reduction of an aromatic nitro-group to an amino-group during 
treatment with boiling formamide was unexpected since such groups are not reduced under the 
conditions of the Leuckart reaction (Ingersoll ef al., J]. Amer. Chem. Soc., 1936, 68, 1808; Rogers, 
J., 1943, 590). Reduction, in the present case, probably occurs as a result of intramolecular 
disproportionation which may be represented in terms of the following intermediate stages of 
the reaction (XTV —~—» XV) : 


NH, 
| Nu, H 


CHO 
(XIV,) (XV) 


acids was demonstrated by the behaviour of (IV; R, = NH, «~ R, «= H) which was 
converted by hot dilute hydrochloric acid into 1 : 4-4 enone. A similar result was 
observed on boiling (IV; R, = p-NH,C,H,, R, « R, = H) “with alcoholic hydrogen chloride 
solution, which yielded a product having the composition of a p-aminob 
hydrochloride. 

Quaternary Ammonium Salts.—3-Amino-4-azafluoranthene (II1; R, « NH,, R, « R, « H), 
on treatment with methy! iodide in 2-methoxyethanol at 100°, formed a monomethiodide which 
was presumed to be methylated on the ring-nitrogen by analogy with the known behaviour of 
4-aminoquinoline (Claus and Frobenius, ]. prakt. Chem., 1897, 56, 181) and of 5-aminoacridine 
(Albert and Ritchie, J., 1943, 458). Similarly, 3-amino-2 ; 4-diazafluoranthene (IV; R, = 
NH,, R, = R, = H) gave a monomethiodide which is presumably methylated on one of the 
ring-nitrogens. 7-Nitro-3-amino-4-azafluoranthene (III; R,«— NH,, R, NO,, R, H) 
afforded a monomethiodide which, on reduction with iron powder, yielded 3 : 7-diamino-4- 
azafluoranthene monomethiodide. Attempts to methylate 3-phenyl- (IV; R, = Ph, R, 
R, = H) and 3-p-chloropheny!l-2 : (IV; R, = R, = 


feebly basic nature of both of these tertiary bases was shown by the fact that the monohydro- 
chloride of the former and the hemihydrochloride of the latter could be prepared only under 
anhydrous conditions, and were decomposed by warm water to give the corresponding free 
bases. 

Note on Results of Biological Examination.—_The following summarises the constitution of 
each compound examined and the toxicity data. 


product having the composition of 5-nitro-3-pheny!-2 : 4-diazafluoranthene (IV; K, — Ph, 
R, = H, R, = NO,) could be obtained from 2-nitro-l-aminofluorenone and phenyl! cyanide. 
| 
{ 
+ 
unsuccessful. The 3-pheny! derivative however, with methyl idodide at 100", gave a mono- 
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idhide 
3-Diethylamino-, monohydrochloride trihydrate. 
3-(2-Diethylaminoethylamino)-, monohydrochioride 
3-(3- 
3-(¢ 
3. 7-Ihamimo-, monomet 


hiodide 


3-p-Chioropheny!l-, hemihydrochlonde 

3-p-Aminophenyt-, monohydrochloride monohydrate 

3-p Acetam 

3-Ammo-, monohydrochloride 

3-Amino-, monomethiodide 

3-(3-Diethylaminopropylamino)-, 

7-Amino- 

* M.T.D, «— maximum tolerated dose. * The substance was administered in the form of a 

. © Largest amount tested 


Each of the above compounds was examined for ch therapeutic trypanocidal activity 
against Trypanosoma bruce: and T. congolense in mice. In addition, Nos, 5, 4, 7, and 6 were 
tested against 7. cruzi. None showed any chemotherapeutic activity. The authors are 
indebted to Miss H. Adamson, B.Sc., working with the support of the Medical Research Council 
in the Bacteriology Department under Professor C. H. Browning, F.R.S., who furnished these 
data. They are further indebted to the late Dr. F. H. S. Curd and to Dr, S. Ellingworth of 
Imperial Chemical Pharmaceuticals Ltd., who supplied the information that Nos. 7, 6, 9, and 18, 
on examination for amebicidal activity by the method of Jones (Ann. Trop. Med. Parasit., 
1946, 40, 130), showed some activity of a low order, and that Nos. 7, 6, and 9 showed no 
activity against Plasmodium gailinaceum in chicks. Dr. J. D, Fulton reported that Nos. 20 and 
19 show about one-tenth of the activity of emetine, tested under parallel conditions, against 
Entamaba histolytica, in vitro, in the presence of a mixed bacterial flora. No. 19, tested on 
E. histolytica in presence of a single bacterial species (Bacterium coli), was ameebicidal at a 
dilution of lin 10, At the same dilution, No. 20 killed the B. coli. 


EXPERIMENTAL. 


Action of Hydrasoie Acid on Fluorenone-\-carboxylic Acid.—-Sodium azide (0-72 g.) was added, in 
small portions, to a mechanically stirred mixture, heated at 45°, of the keto-acid 2% g: Pieser and 
Seligman, lec. cit.), concentrated sulphuric acid (5 c.c.), and chloroform (30 c.c.). A steady evolution of 
as ooourred while the mixture was stirred at 45° for 20 minutes. After being kept at room temperature 
ior 2 hours the mixture was diluted with chloroform (120 c.c.), treated with crushed ice, and then 
basified by the addition of concentrated sodium hydroxide solution. The chloroform layer was 
separated, washed with water, and evaporated. The residue, on crystallisation from benzene, gave 
hight-ora needles (0-8 m. p. 223-—224°, of acid lactone or 
®-phenanthridone-i-carboxylic acid lactam (VI or VIII) (Found: C, 76-2; H, 28; N, 64. C,,H,O.N 
requires C, 760; H, 32; N, @3%). Acidification, with hydrochloric acid, of the aqueous-alkaline 
layer gave an orange-red solid (1-2 g.) which was separated by fractional crystallisation from ethanol 
lowed by extraction with benzene, into unchanged starting material (0-2 g.), as more soluble product, 
and, as less soluble product, ee ane Bg 8)-carborylic acid (V or VII), which crystallised from 
acetic acid in short, yellow needies (0-3 g.), m. p. 200° (decomp.) (Found: C, 70-5; H, 3-7; N, 
IN requires C, 703; H, 3-8; N, 5-0%) 

New Synthesis of \-Aminofluorenone.—Fluorenone-|-carboxylic acid (20 g.) was boiled under reflux 
with thieny! chloride (40 c.c.) for 30 minutes. Excess of thionyl! chloride was removed by distillation 
under reduced pressure on a water-bath, and the residual! solid freed from the last traces by repeated 
ro a with anhydrous benzene. The residue of acki chloride was dissolved in dry acetone 
(440 ¢.c.). The solution was cooled to 05° and treated dropwise, with mechanical stirring, with a 
solution of sodium azide (8-5 g.) in water (25c¢.c¢.). After being stirred at 0—5* for another 30 minutes, 
the mixture was treated with water (060 cc). The precipitated fuorenone-l-carborylic acid avide 
formed a yellow, crystalline solid (20-8 g.. m 9) 01° (decomp [0-206 g., heated in tolnene, 
evolved 18-5 ¢.c. of nitrogen, measured at N.T.P. (C,,H,O)CO-N, requires 18-6 c.c.). The azide was 
cautiously heated under reflux with concentrated hydrochloric acid (500 c.c.), until evolution of 
had ceased. The mixture was then boiled ander reflux for 3 hours, diluted with water (400 c.c.), bolled 
again for | hour, and then filtered hot. The solid which separated from the filtrate on cooling gave, on 
treatment with dilute aqueous ammonia, a crude product (97 g.; m. p. 116—117°) which, on 


Approximate M.T.D.* 

{in mg. per 20-g. mouse ; 4 

Derivatives of 4-azafluoranthene. admmistered subcutaneously). | 

3-Amino-, monolyydrochioride monohydrate o2 

4 
rochiorde 3 
is mon hydrochloride 1 
Derivatives of 2: 4-diazafluoranthene. 
17 3. Vhenyl-, monomethiodide monohydrate 10%? 

3 

10 
i 
13 
15 

18 
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recrystallisation from aqueous ethanol, formed 118—1 19° 


yamate —The aforementioned aside (28 was heated on a water-bath with 
anhydrous toluene (15 c.c.) for 30 The isocyanate formed clusters of orange 

ve NN -ds( which for wth 
C74. 38; N, 6-5. Cool requires 778; H, 3-8; NOT). 
1 -Carbeth azide (26 g.) was cautiously heated with anhydrous ethanol 


(260 ¢.c.) under reflux on a water-bath. Whea the vigorous evolution of had ceased, the resulting 
filtered while hot. ester separated from the 
t-red rhombs m. p. 111-112" (Poend: C, 71-6; H, #8; N, C,.HyON 


ition of l-y! isocyanate, which was obtained on heating 
aced azide under reflux, was cooled to 
30—40° and then treated with a st of dry, gase during 2 hours. The resul yellow 
precipitate, on recrystallisation (charcoal) from 1 glacial acetic acid. gave yellow needles (10 of the 
amide, m. p. 251° (Found: C, 70-4; H, 40; WN, 116. CyH yO N, requires C, 706; H, 42; N 
11-85%). The oxime, prepared in pyridine, formed age: needles (from aqueous ethanol), m. p. 214— 
215° with previous sintering at 190° (Found; N, 16-8. C,,H,,O,N, requires N, 16-6% 
1-Acet enone (IX; K, CHyCO-CH, R, H).- -Aminofluorenone (5 
added, in small portions, during 30 minutes, to ethyl! acetoacetate (25 cc ) heated to 160-165". 
mixture was heated at that terhperature for 20 minutes longer onde 
pressure on a water-bath to -~¥ excess of ethyl acetoacetate. The residual gum, on trituration 
with light petroleum (b. p. 60-80"), gave a red solid. This was extracted with boiling ethanol (175 c.c.), 
and the extract concentrated to bulk to give a crystalline solid Joe 3¢g.; m. p. 134-—136"), which, 
on recrystallisation from ethanol, gave |-aret db 
139140" (Found: C, 73-3; H, 46; N, 62 requires 731: H, 47; 
insoluble residue was a yellow solid 15 g.) which was hydrolysed by bonling under reflux with aqueous 
acetic acid containing a few drops of concentrated bydrochioric acid. The resulting gum was dissolved 
in benzene, and the solution percolated through a column of alumina. Elution of the lower, 
band with 1% methanol in benzene, gave |-aminofiuorenone (20 mg.). Elution, with 10% methanol or bem y 4 
benzene. of the more strongly adsorbed band, gave a few crystals, m. p. 264-267", identified by 
nm. tS and mixed m. p. as the — described below as 3-hydroxy-2-acetyl-4-azafluoranthene. 
enone RK, =~ CHyCN, R, = H).—4(i) By condensation of 1-amino- 
with ethyl eyancacetate The amino-ketone (6 g.} was added, in small portions, to the cyano- 
ester (25 c.c.) heated to 170°. The temperature of the mixture was then raised to 190° and maintained 
at 190-—195° for 30 minates longer. Excess of ethyl cyanoacetate was removed b oe under 
reduced pressure in an oil-bath at 100—120°. The residual gum was separated —_— 
warm acetone (40 c.c.) into an insoluble, solid fraction (0-66 g.), which formed a - Felow 
(from acetic acid), m. p. 233°, of NN’-di(flmorenon-1-y1)malonamide (X1) (Pound : os 
N, 60. C,,H,,O.N, requires C, 760; H, 30; N, 61%), and a soluble, gummy oma ‘eich a 
treatment with ethanol followed by fractional crystallisation from this solvent, yielded unchanged 
l-aminofluorenone (1-8 g.) and a solid (0-4 g.) — on recrystallisatvon from glacial acetic acid followed 
repeated rr tallisation from gave 
(Found: C, 73-2; H, 37; N, 109. Cy.H,.O,N, requires C, 73-3; H, 38; N, 
(ii) By interaction of fluorenon-\-yl isocyanate and cyancacetic acid. A mixture of the —_ 
(0-5 g.), anhydrous cyanoacetic acid (0-4 g.; Phelps and Tillotson, Chem. Abst., 1009, 8, 1533), a 
anhydrous toluene (5 c.c.) was boiled under reflux 16 hours. The mixture was treated with water 
and then filtered. The residue was extracted with ethanol and the extracts concentrated to small bulk 
to give yellow needles (0-32 g.), m. p. 200-202", of l-cy 
1-Carbethoxyacetamidofluorenone (IX; R, = CH,CO,Et, R, H).—(i) By condensation of 
Auorenone with ethyl malonate. The amino-ketone (6 g.) was heated under an air-condenser with the ester 
(30 ¢.c.) at 190—200° for 17 hours. The mixture was then distilled under reduced pressure from an 
oil-bath at 110—130° so as to remove excess of ethyl malonate. The residual gum wes triturated with 
Roe poueiem (b. p. 60-80") and then separated, by extraction with warm acetone, into a spari 
soluble solid (0-6 g.) which, on reerystallisation from glacial acetic acid, gave yellow prisms, m. p. 2 
of NN’-di(fluorenon-i-yi)malonamade, and a more soluble fraction which, on recrystallisation trom 
ethanol, prismatic (7- m. p. 126", consisting of l-carbeth 
(Found : C, 70-2 46; N, 44. C,,H,,O,N requires C, 60-9; H, 40; N, 45%). 
(ti) By wnteraction of fluorenon-1-yl iso ctayl hydrogen malonate. A mixture of the isocyanate 
(0-89 g.), the anhydrous acid (1-2 g.; Marguery, Bull. Soc. chim., 1906, $3 544), and anhydrous toluene 
Reaat as heeded under reflux on a water-bath for 3 hours, boiled under reflux for a further 2 bours, 
NN’-di(fluorenon-1- -yljurea. mother-liquors were washed with water and then 
of | yielded orange, prismatic needies (0-34 g.), m. p. 1 125°, 


1-4-azafluovanthene (il; R, OH, H, R, COC 
nitrobenzene (10 c.c.) was hea 


Car bethox yaceta 

l-acetoacetamidofiu ed to 100° and then 

treated with powdered sodium methoxide (0-21 g.). The mixture was then heated at 135-—140° for 

4 hours. After me cooled, it was treated with 2x-hydrochloric acid (10 c.c.) and then distilled in 

steam. The resid gum, on trituration with chicroform, gave a solid which, on —————- 

(Found: C, 782; 42; N, 64. requires C, 78-2; H, 42; N, 
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Dilute Sodium Hydroxide on 1-Carbeth —The 
The jae 2 Bn was extracted with chloroform Evaporation of the extract and 
of the residue from aqueous ethanol gave |l-aminofiuvorenone (180 mg.). Acidification, with dilute 
hydrochloric acid, of the aqueous layer gave a precipitate (80 mg.), which on recrystallisation 
evolution of gas), of an acid which is -N N’-di(fluorenon-1-y' + ed 
dicarboxyamide (XII) (Found: C, 0 H, 7: N, 5-6. ON, requires C, 70 37; WN, 
ft R, OH, R, = H, R, = CO, 
mechanically stirred solut et. (5 g.) in anhydrous 
fT 6.6.) was treated with powdered sodium  mothonide (0-06 g.) and then heated at 135-140" for for 
l hours. After being cooled, the mixture was treated with concentrated hydrochloric acid (2 c.c.), 
set aside for several hours, and then filtered. The orange crystalline residue was hed with b 
and then boiled under reflax with »-sodium hydroxide (50 c.c.) for 3 hours. The resulting solution 
was filtered while hot. Acidification, with concentrated hydrochloric — of the — filtrate os 
ipitate (3-4 g.) which, on recrystallisation from glacial acetic acid, : 


otmp.), of the required acid (111; = H, R, CO , 36; 
, 53. requires C, 73-0; H, 34; N, 56-34%) 

3-H ydroxy-4-arafluoranthene (111; RK, OH, R, = R, H).—A solution of the above carboxylic 
acid (3-06 ¢.) in quinoline (15 c.c.) was treated, at 230", tonwise with basic carbonate (0-3 g.) 
The mixture was maintained at the b. p. for a further 15 minutes, allowed to cool somewhat, and then 
poured into 2~-hydrochloric acid. Crystallisation of the product from glacial acetic acid gave yellow 
needles of (3 g.), m. p. 268-200" (Pound: C, 82-1; H, 42; N, 64 C,,H,ON 
requires C, 82-2; H, 41, N, 64%). 

(III; R, ~ Cl, R, « R, H).--The above hydrox (3-3 g.) 
was boiled ander reflux with phosphoryl chloride (33 c.c.) for 3-5 hours. Excess of phosphoryl! chloride 
was removed under reduced pressure on a water-bath. The residue was treated with crushed ice and 
dilate aqueous ammonia and extracted with chloroform. The extract was washed with water, treated 
with charcoal, and evaporated. Kecrystallisation of the residue from ethanol gave the chloro-compound 
as yellow needles (3-2 g.), m. p. 120-121" (Found: C1, 15-1. C,,H,NCI requires Cl, 15-0%) 

(111; R, NH, RK, R, H).—-The above chloro-compound 
was heated with saturated ethanolic ammonia (5 c.c.) at 185-190" for 17 hours in a sealed tube 
reaction mixture was evaporated on a water-bath. The residue was treated with dilute ammonia 
solution and extracted with chloroform. Chromatography of the washed and dried chloroform solution 
on alumina, followed by elution of the main yellow band with 1% methanol-chloroform, and 
fecrytallisation from gave the amine as yellow needles (0-3 g.), m. p. 209-—-211° (Found : 
€, 82-7; H, 46; N, 128 H,,N, requires C, 82-6; H, 4-6; N, 128%). It gave an acetyl derivative 
which formed pale bud p. 233° (Found: C, 783; H, 46. C,,H,ON, 
requires C, H, 46%), and a monopicrate which Bee we yellow needies (from acetone—ethanol), 
m. p. 264 (decomp.) (Pound: C, 564; H, 30. requires C, 56-4; H, 2-9 
The monohydrochloride monohydrate was » obtained on pessing hydrogen chloride into a solution of 
base in (moist) chloroform. It formed stout, yellow r ae which were reconverted into the free base 
when heated at 120-150° (Found: C, 660; H, 47. C,,H,.N, HCIH,O requires C, 66-1; H, 48%). 

3 Dsoth corresponding -compound R, = Cl, R, = 
R, ~ H) (05 ¢.) was heated with anhydrous diethylamine (5 c.c.) at 190-—200° for 16 hours in a sealed 
tube. The resinous product gave a monopicrate which formed yellow needies (from acetone-ethanol), 
m. p. 210212" (decomp.) (Found: C, 50-8; H, 43; N, 13-8. C,,H,,N,.C,H,O,N, requires C, 59-6; 
H, 42, N,13-0%). The free base, on regeneration from the purified picrate by dilute sodium hydroxide, 
was a light-yellow gum; treatment of its (moist) ethereal solution with hydrogen chloride gave yellow 
m. p, 65-68° (decomp. ), of the monohydrochloride trihydrate (Found: C, 62:3; H, 6-6; Cl, 09. 

HC1,3H,O requires C, 62-5; H, 69; Cl, &7%) 
ssethylamine athylamino)- 4-arafluoranthene -The chloro-compound (0-5 g.) was heated with 
(0-08 and benzene (1-5 at 185--190° for 12 hours in a sealed tube. 
The reaction mixture was treated with dilute aqueous sodium hydroxide and extracted with ether. The 
benzene-ethereal layer, after being washed several times with water, was extracted with 0-5n-hydro- 
chloric acid. The extract was basified with dilute sodium hydroxide solution and extracted with ether. 
Evaporation of the ethereal solution gave an oi! which yielded a dipicrate, which %’ * llow —— 
(10 ¢.) (from 2-methoxyethanol), m. p. 235-237" (decomp.) (Found: C, 51-1; 33. N, 163. 
Cy, HyN,. 2C,H,O,N, requires C, 51-1; H, 3-7; N, 163%) regenerated y the purified 
picrate was a yellow viscous oil (Found Cc, #1; H, 70. C requires C, 705; H, 72%). 
Attempted distillation under | mm. resulted in decomposition. ht eS dissolved in one equivalent of 

0 In-hydrochloric acid to give a solution neutral to litmus 
3-(3- —Prepared in a similar manner, by contention 
of the chloro-compound with 3-diethylaminopropylamine, the product was purified through its ds 

which formed yellow needles (from 2- See, m. p. 204-—205° (Found: C, 51-8; 

161. 2C, 517; H, 39; N, 160%). The free base r ated from 
picrate, was yellow-brown oil (Found: C, 79-7; H, 7-7. N, requires 
Cc, 78 6%), which dissolved in one equivalent of 0-1N- -hydrochloric acid to give a neutral solution. 

3-(4- Dieth ylamino-1-methyibutylamino)-4-azafluoranthene was similarly prepared by condensation of 
the chioro-compound with 4-diethylamino-Il-metbyibutylamine. It was purified through its dipicrate, 
which ae oom golden rhombs (from acetone-ethanol) m. p 184185" (Found: C, 530; H, 42; 
N, 164 N,, 2C,H,O,N, requires C, 529; H, 43; N, hk The free base was a golden, 
ot C, requires C, 80-2: 819%) which dissolved in one 
equivalent of 0 ~ -hydrochloric acid. 


a 


{1950} 4-Aza- and of 2 : 4-Diaza-fluoranthene. 
The wan washed with water and then recr 


by 
on alumina, of 
and 2-nsiro-1-c (more adsorbed ; 
needles ‘(trom et ethanol), m. p. 171-172" Pound : "C618: 35; N, 90. C, 

61-5; H, 39; N, 90%). 

Nitro- | -aminofluorenone. ~The above isomer, m. p. was carbo dil had 
acid (06% v/v; 100 cc.) on a water-bath for 2 hours, by wh 

A cond, "the was poured into ute aqueous ammonia The 
precipitated (m. p. 212--214°; 69 g.) formed (from 
(Fou 


m. p. 213—214" 65-2 H, 23: N, uires C N, 1b? 
With benzoyl chloride in (from 


needles 
227° (Found: C, 604; H, 35; N, #2. Cooly requires C, 69-6; 


m. p. g07—308" (Found C, 7&2; H, #7; N, #1. 

7-0%) 

—A suspension of 4-nitro-l-aminoflacrenone (100 mg.) in ethanol (50 ¢.c.) 

aon (04m om Uptake ceased when 

The dsamine crimson needles (64 ethanol), m. p. 232-— 

234° (Found: C, 74-7; H, 60; N, 129. 743; 48; 133 ition 

of acetic anhydride to its solution in i 4+ etamed formed 

yellow needies (from glacial acetic acid), m. p C, 60-3; H, 45; 98. 
requires C, 69-4; H, 48; N, 05%). 

Deamimation of 4-Nitro-\l-aminofluorenone.-A solution of the nitroamino-ketone (0-158 g.) in 
concentrated sulphuric acid (2-5 c.c.) was treated with glacial acetic acid (05 cc.). The resulting 
tuspension of fine crystals was cooled in an ice-salt bath and treated with small ions of finely 
powdered sodium nitrite (0-15 g.), followed by cold ; bGece). The 


acid solution (30%, 
mixture was stirred for 30 minutes, ato’ hours longer, and then poured lato water. The 


precipitate was collected and then sublimed at 130-—140°/0-4 mm. The lemon-yellow sublimate was 
hed by adsorption from light petroleum (b. p. 60—80°) solution on to a column of alumina, followed 

duties with ted recrystallisation of the eluate from ethanol faintl 

needies (90 mg.), m. p. 174—175", of 4-nitrofluorenone (Found: N, 61. Calc CyH,ON: N, 

6-2%,) (Schmidt and Baver, loc. cit., give m. p. 173-—174") 

—Hydrolysis, with sul . 171-172", obtained 
by nitration of |-carbethoxyaminofluorenone, gave ‘nearly 
which formed c (from benzene), m. p. los" , 62; Cy Hy 
requires C, 65-0 34; N, 117%). 

Deamination of the base in a way similar to that described above for the 4-nitro-isomer, gave 2-nitro- 
fluorenone which ot Pg needies (from glacial acetic acid), m. p. 216-218" (Found : N, 63. 
Calc. for C,,H,O,N : N, 62%). Its m. p. was not depressed on admixture with an authentic sample, 
by oxidation of 2- (Diels, loc. ett.). 
of 2-nitro-l-aminofluorenone (100 mg.) in ethanol (20 ¢.c.) was 
hydrogen oxide ceased (15 minutes). 
The catalyst was filtered off and the filtrate evaporated the residue from benzene 

crimson rhombs, m. p. 188—-190° (Found: C, 742; 48; N, 130. requires 

, 143; H, 48; N, 13-3%). Heating the diamine under reflux with a solution of 
in ethanol yielded a quinosaline derivative, which —_ orange needies (from tetrachloroethane), 
m. p. 325° (Found: C, 86-3; H, 38; N, 75. C,,H,,0 aires C, 64-8; H, 37; 73%). 

4-Nutro-| -carbethoxyacetamidofiluovenone (1X; ~This was 
condensation of ethyl malonate with ¢-nitro- l-amino@sorenone 
formed yellow needles (from glacial acetic acid), m. p. 192-104" (Found Cc, 610 0; N,& 
requires C, 61-0; H, 40; N, 7- 


(IIL; Ry = OH, Ry = NOp Ry = 


(Found : C, H, 3-7; N, 4. requires C, 64-3; 

lysis with boiling 2w- sodium hydroxide 

cred (decomp.) (Found 626; H, 2-5; N, @2. C,,H,O,N, requires C, 


1167 
20 g.) was 
mixture was 
give pale yellow needles 
614; 39; N, 92. 
C,H 6) H. 38: N, 90% The fiitrate was ured into water, and the yellow 
it 
10 hours gave, 
acetic aq 
36; NL 
solution, 7-sitr: 
acetic acid), m 
62:3; H, 26; 
1-Nutro-3-hydroxy-4-azafiuoranthene.—This was obtained by addition of basic copper carbonate 
(0-25 g.) to a solution, heated to 235—240°, of the above carboxylic acid (2-6 g.) in quinoline (15 seme 
Cc, HL 31, N, 106. C,,H,O,N, requires C, 68:2; H, 3-1; N, 10-06%). 
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3-C Aloro-7 -mstro-4 acafiuoranthens —The above b d (1-7 g.) was boiled under reflux 
with phosphory ichloride (20 c.c.) for 2 hours. Isolated the tual way. 
queen @. 9. (Pound: C, 


N, C, H, 26; N, 99%). 
requires > 
novanthene. —The above chioro-compound 
tubs ab (20 ¢.¢.) which had previously been saturated 
crystallised from the 


reaction mixture on cooling, and 
formed copper needies (0-35 g.), m. p. 316—318° (Found 
N, 161. CHOWN, requires N, 1 
1-Nttro- nitro-amine (0-35 g.) was heated 


above 
(Pound; C, 472; 33; N, requires C, 47-4; H, 3-0 10-4%). 

3: 7-Dt 4 M ~~A mixture of iron powder (0-35 g.), 0-In-hydro- 
chloric acid (3 c.c.), and ethanol des 
the nitro-methiodide described in the previous paragraph (0-35 The mixture was boiled under 
reflux for 2 hours, diluted with ethanol (20 c.c.), and filtered while 4 The filtrate was evaporated to 
dryness under reduced Nee The resiilue was dissolved in warm water (50 c.c.), and the solution 
filtered. Dropwise addit pot iodide solution (50%) to the filtrate gave a precipitate which 
om recrystallisation from gave microscopic, red needles (0-21 g.), m. (decomp.) 
(Found: C, 61-2; H, 36; N, Nol requires C, 51-2; H, 38; N, 

1-Amino- 3. mixture of nitro-4-azafiuor- 
anthene (0-5 g.), 3-diethyla propylam (1-4 g.), and 2-methoxyethanol (10 c.c.) was heated at 
156-165" for 4-5 hours in a sealed tube. The condensation product, isolated in the usual way, was a 
dark brown of]. It was dissolved in 0-In-hydrochioric acid (36 ¢.c.). The solution was heated on a 
water-bath, mechanically stirred, and treated portionwise with iron powder (0-6 g.). The mixture 
was heated on the water-bath for 2 hours longer and filtered, and the residue washed with hot water. 
Addition of dilate aqueous sodium hydroxide to the combined filtrates caused the separation of an 
oi] which was then extracted into chloroform. The extract was washed with water and evaporated. 
The residual viscous oil, on treatment with a solution of picric acid in ethanol, yielded a dspicrate which, 
on repeated recrystallisation from 2-methoxyethanol, ed red needles (0-7 g.), m. p. 200-—212° 
(Found: C, 50-6; H, 40; N, » fC, requires C, 50-7; H, 40; N, 174%). The 
tree base, r ated from the pw yicrate by treatment with lithium bydroxide solution (Burger, 
J. Amer. © See., 1945, 67, Preis). med a yellow-brown oil, solutions of which in ethanol or 
chloroform showed a brilliant green fluorescence. It dissolved in one equivalent of 0-1N-hydrochloric 
acid to give a red solution which was neutral to litmus 

3-Phenyl-2 : 4-diasafluoranthene (1V; KR, Ph, Ry Ry, H).—(i) By interaction of 1-amino- 
flucrenone and benzonitrile. Dry hydrogen chloride was passed into a mixture, heated at 180-185", 
of the amino-ketone (1 g.) and benzonitrile (6 c.c.) during 11 hours. The reaction mixture was distilled 
insteam. The residue was treated with dilute sodium hydroxide solution and extracted with chloroform. 
The extract was washed with water, treated with charcoal, filtered, and evaporated. The residual 
brown gum was dissolved in benzene, and the solution percolated through a column of alumina. The 
column was repeatedly washed with benzene until the main faintly-yel band had passed into the 
filtrate, E eee of the latter gave a crystalline residue which, on recrystallisation from 
B-phenyl-2 4-diasafuoranthene as lemon-yellow needles (0-9 m. p. 130—131° (Pound : 

42; N. 99. CAHN, requires C, 86-7; H, 43; N, 10-0 

(ii) By cyclisation of Auorenon- l-yl) R, = Ph, R, = Me). A 
solution of l-aminofluorenone (1-24 g.) in anh drous benzene (20 : c.) was boiled ander reflux and 
treated dropwise, during 20 minutes, with a solution of N-methylbenzimino chioride (von Pechmann, 
Ber, 1806, 28, 2362; 1-2 g.) in anhydrous benzene (5 ¢.c.). The mixture was boiled under reflux for 
5 hours longer and then cooled, and the red crystalline solid which had separated was filtered off. It 
was shaken with ether and 2~-sodium hydroxide. The ethereal layer was washed with water and 
evaporated. The residue was dissolved in boiling x-hydrochloric acid (120 c.c.), and the solution filtered 
while hot. N-(Finorenon-|-yl)-N’-methylbenzamidine monohydrochionde dihydrate separated from the 
filtrate in elongated, yellow prisms (1-02 g.), m. p. 230-231" (decomp.) with previous sintering at 130° 
and a colour change from yellow to orange at 150-—200° (Pound: C, 65-0; H, &5; N, 68. 
Cy, HON, HCL2ZH,O requires C, 65-5; H, 5-5; N, 7-3%). A solution of the free base (from 0-278 g. of 
the hydrochloride dihydrate by treatment with dilute sodium bydroxide solution and isolation 
means of ether) in anhydrous nitrobenzene (5 ¢.c.) was treated with powdered sodium methoxide (50 mg.). 
The mixture was heated at 185-—195" for 45 hours. After being cooled and acidified with glacial 
acetic acid, it was distilied in steam. The product, isolated by means of chromatography as described 
in (i) above, formed lemon-yellow needles (0-12 ¢) (from ethanol), m. p. 130-—131° It showed no 
m. p. depression on admixture with a sample of the product as described in (i). Passing dry hydrogen 
chloride into a solution of the base in benzene gave a monohydrechionde which formed orange crystals, 
m. p. 151-152" (Pound: C, 760; H, 39. C,,H,.N, HCI requires C, 76-8; H, 41%), which when 
heated with water were transformed into the free base 

Attempted Preparation of a Methosulphate._A solution of the aforesaid base (300 mg.) in anhydrous 
xylene (3 c.c.) was heated to 140° and then treated with methyl! sulphate (1-6 ¢.). The solution became 

kk and after a few minutes a red oil separated. The mixture was cooled and then distilled in steam. 

aqueous phase was filtered while hot from an insoluble gum, and on evaporation under reduced 

te left no appreciable residue. The gum, on treatment with ethanol, gave a crystalline product 

100 mg.: m. P, 152°) which, on repeated recrystallisation from ethanol, gave long, yellow 
needles, m. 53-154", which cont d no sulph Its analysis results suggested a ben d 

fiuorenone (Found: C, 806; H, 46: N, 46. C,H,,O\N requires C, 80-3; H, 44; N, 47%), but it 

showed a marked mixed-m. p. depression on admixture with an authentic sample (m. p. 150— 152°) of 


4 
| 
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depression also, on admixture with a sample of | 
sedection of 
(from benzene), m. p. 163-165" (Found 
;_ N, 47%). The same compound, of 
starting 


unascertained 

material, in nitrobenzene at 165-170", with methy! sulphate. 

: ethicdide Monohydrate. This was by heating a 

solution of the base (0-4 g.) in methyl iodide (4 c.c.) at 100° for 12 hours. crystallised 

from the reaction mixture and was filtered off and washed with ether and water. yon t red 

(Pound: C, 56-8; H, 36; N, 64. requires C, 57-2; 
, 39; N, &4%). 


-2 : into a solution, heated at 
on alumina from solution, formed 


yellow 
89° (Found: C, 766, H, 36; N, 80 C,H, 


&5. requires C, 72:1; H, 345; N, 4%). 
after being hented with intide at 09° tor in tue, 
mixture, heated at 180-—190°, of l-aminofluorenone (2 g.), 
J. Amer, Chem. Soc., 1003, 25, 479; and the 
organic solvents. It formed tan-coloured needles (from xylene eld. 7%), m. p. 275° (Found 
C, 740; H, 34; N, Cy H,,O,N, requires C, 73-8; H, 34; N, 12-0%). Reduction, with iron 
of suspension ‘of the the nitro-compound in boiling actiulated ethanol y 
ound ; 


Aloride monohydr 
requires C, 66-9; H, 45; N, 11-7; Cl 12-49) which could not be sat 
insoluble nature. A dilute solution of the hydrochloride im saturated alcoholic hyd 
on being boiled under reflux for a short time, Stee teers ore 
was obtained on evaporation of the ——— t-yellow 


31-232". Anal 


acetyl 
formed orange needles (from ethanol , yield, +60 mg.) m. p. 244° (Found: C, 782: H, 44; N, 12-4. 
ON, requires C, 763; H, 45; N, 12-6 

Reaction of 4-Nitro-l-aminofiuorenone with Treatment of a solution, heated at 
200°, of the nitro-amino-ketone (5 g.) in benzonitrile (60 ¢.c.) with bydrogen chioride during 46 a 
followed by distillation in steam, yielded a solid (5-2 g.), which was separated by Comes = § 
benzene solution on alamina into unchanged 4-nitro-}-aminofluorenone (more 5 ly adsorbed ; 2-3 g.) 
and a mixture of crystalline solids (25 g.). The latter was ted by fract crystallisation from 
benzene into 4-nitro-l-benzamidofluorenone (0-43 g.) which yellow ueedies, m. p. 225-226", 
identified by comparison with an authentic specimen, and a crystalline mixture (1-8 g.; m. p. 165— 
175°) which, on repeated recrystallisation from benzene and then glacial acetic acid gave a fraction 
(0-5 g.), of constant m. p. 170—181". This was still obviously heterogeneous but could not be further 
resolved by crystallisation or by chromatography of a oi ees on alumina. However, 
reduction, with iron powder in acidulated ethanol, of the Salen eee ce 
mother-liquors gave a product which, by chromatography of a omee ution on alumina, was readily 
separated into 4-amino-|-benzamidofiuorenone (0-5 g.), as more strongly adsorbed fraction, and, as 
more weakly adsorbed fraction, a substance, which formed microsc . yellow needles (0-9 g.; from 
glacial acetic acid), m. p. 198—199° (Found: C, 76-8; H, 3-6; N, 86%; M (Rast), 340. C wes 
requires C, 76-9; H, 3-0; N, 90%; M, - Its m. . was not depressed on admixture with a 
of the above fraction of constant m. p 176— 181°, which indicates that this component of the criginal 
mixture had not undergone alteration under the conditions used for reduction. 

Reaction of 2-Nitr with Benzonitrile.—Treatment of a solution, heated to 
200°, of the nitro-amino-ketone (0-5 g.) in benzonitrile (10 c.c.) with hydrogen chloride during 24 hours 
os uct which was isolated in the usual way and separated crystallisation from benzene, 

by chromatography, on alumina, of a solution in the same solvent, into w 


nchanged 
amino-ketone (0- -) strongly adsorbed) and 5-niér: thou: 4-diasafluoranthens whic 
needles from benzene), m. p. 221 ound 743; H, 34; 


Hydrosy- OH, 

of 

th powdered sodium methoxide (2 
maintained at that temperature for 6 It trea’ 
(4-8 c.c.), and then set aside for several hours. The 3-aydrosy-2 which crystallised 
pure next stage recrystallised from 
m. p. 206—297" (Pound: C, 765; H, 3-6; N, 12-9. requires 37; N, 12-7%). 


1 -benzamidofiuorenone 
los. cit.). It showed a 
which was prepared by 
elongated, faintly-yelk 
requires C, 763; H, 3-5; N, 89%). Passing hyd 
caused the of a hemibydrochloride, wil 
to give the free base cither when heated to 160-—170°, of when heated with water (Pound: ©, 72-0, 
we 
chi ric acid to a solution of the ba n ethanol precipitated minute, purple needles, m 258200", of 
ow to 
en chloride, 
oduct which 
rystals (from 
hbstance was 
HCI 
requires C, 68-5, H, 43; N, 80%); its nature was not further investigated 
3-p-A cetamidophenyl-2 : 4-diatafluoranthene.—A suspension of the primary amine (430 mg.) in 
4 Ae 
\ 


3-CAloro-2 . 4-dsasafluoranthene.—-The foregoing hydroxy-compound (4-6 g.) was boiled under reflux 
with chiorvde (90 ¢.c.) for 2 bours. Excess of was removed under 
reduced re The residue was treated with crushed ice 
extrac with chi ™m. Evap of the chloroform solution and crystallisation of the residue 
H, 30; NL 1 70-4; H, 30; N, 11-7%) 
alcoholic ammonia | yet 10. 185° for 6-5 hours in a sealed 
evaporated to dryness, an the residue was treated with dilute sodium hydroxide solution and then 
extracted with chloroform. The extract was ted with filtered, and evaporated. The 
low necdies (1-8 m. p. 208° 
tous sinter Found: C, 765; H, 42, N, 190. C,,H,N, requires C, 767; H, 41; N, 
ochloride., which was obtained by treatment of solution of the bese in chloroform 
chioride, formed 250-251" with previous sintering (Found: C, 
C, HN, HC! requires H, 30%). The monomethiodide was prepared by heating, 
657 MAb. CullgXu HC bath, a mixture of the base (0-2 g.), methyl iodide (0-2 c.c.), and 2-methoxy 


ethanol (2 ¢.c.) for 3 hours. The product crystallised from the reaction mixture on cooling, and 

tic, orange needles (from et ee 241-253" (decomp.) (Found: C, 406; H, 35; N, 11-6. 
wily’ I requires C, 49-9: H, N, 

Diethyl thens.— The chloro-compound (0-5 g.) 


sealed tube. The condensation uct, isolated in the usual way, was a light-brown oil which could 
not be rendered crystalline. It gave a dipicrate which formed stout, golden rhombs (I g.; 
con 2-methox pane, which decomposed at 224-—226° (Found: C, 3-3; H, 40; N, 18-0. 

H,,N,2C,H,O,N, requires C, 50-1; H, 3-8; N, 17-7%). Decomposition of the icrate with dilute 
pe hydroxide solution the free base which was a golden, viscous oil (Found : C, 75-8; H, 7-2. 
Cy, HN, requires C, 76-9; H, 7-3%). It dissolved in approximately one equivalent of 0-2x-hydrochloric 
acid to give a solution neutral to litmus. 

2: 4-Diasaflworanthene (IV; R, @ R = H).—1- yyy (0-5 g.) was heated with 
formamide (redistilied; 5 ¢.c.) at 180— far 18 hours. Trituration of the reaction 
mixture with water, followed by extraction of the resulting brittle with a acetone, gave a 
sparingly soluble solid (50 mg.), which on repeated sublimation at —~210° 0-2 gave soft white 
needies which charred on — to ca, 230° (Found : N, 13-7. C,,H,N, requires Nl 13- 7%). 

Reaction of 4-Nitro-1 enone with For ~The nitro-amino-ketone (2 g.) was heated 
(air-condenser, under nitrogen) with formamide cronuatined 20 ¢.c.) at 190—-195° for 2-5 hours. The 
mixture was distilled from an oil-bath at 120°, under reduced pressure, in order to remove excess of 
formamide. The residual! tarry material was extracted with of warm methanol (250 c.c.). The 
combined extracts were treated with charcoal, filtered, then concentrated (to ca. @ c.c.). The 
material which crystallised on storage (0-4 ¢.; m. p. 238-240") was filtered off. It gave, on —. 
recrystallsation from methanol, clusters of tan-coloured needles, m. p. 250—252°, of 7-formamido-2 : 
diasafluoranthene (Found ; C, 73-1; H, 40; N, 168. C,,H,ON, requires C, 72-9; H, 3-7; N, 17 oa), 
The first methanol mother-liquors were evaporated to dryness ‘Trituration of the residue with a small 
quantity of methanol gave an orange solid (0-6 g.) which, on crystallisation from methanol followed by 
repeated recrystallisation from glacial acetic acid, gave orange needles (0-4 g.), m. p. 282—284", of 
7-amino-2 4-diasafucranthene (Found; C, 76-8; H, 43; N, 186. C,,H,N, requires C, 76-7; H, 41; 
N, which was found to contain a diazotisable amino-grou test). 

The free amine, on dissolution in 2n-hydrochloric acid gave a solution. The formamido- 
a pale straw-coloured solution. When either of utions was heated to its b. 

the original colour rapidly changed to blood-red, and then to that of pale straw. Basification of 
— solutions caused the precipitation of crimson needles, m. p. 232—234", of 1 : 4-diamino- 

worenone. 


We are glad to acknowledge our indebtedness to the Medical Research Council for a grant which has 
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239. Studies of the eheies Reactions of 8 Solid Oxides. Part I. The 
Exchange of Oxygen Isotopes between Gaseous Oxygen and Certain 
Metallic Oxides. 

By E. R. S. Wrnrer. 
Prelims experiments are reported on the exchange of “O between gaseous 
and y-Al,O,, ThO,, TiO, and ZnO. It is shown that the reaction consists of an initial ‘rapid 


exchange, followed by a slow process. A more detailed study of the exchange with y-Al,O, 


shows that the ra; follows first-order kinetics, is ind -_ of the oxygen gas 
et and has an activation energy of 37 - 0-5 keals. 


Tue only experiments showing by isotopic methods the lability of the surface oxygen atoms of 
solid oxides are those of the Japanese workers, Morita ¢f al. (Bull. Jap. Chem. Soc., 1938, 18, 357, 
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601, 656; 1939, 14, 9, 520; 1940, 15, 1, 37, 71, 119, 166, 226, 298) and some observations by 
Brandner and Urey (J. Chem. Physics, 1945, 18, 351). In the Japanese work attention was 
parr aged directed towards the (qualitative) study of the exchange reaction, catalysed by 
oxides, between oxygen and water vapour (although the exchange of "O between oxygen and 
Mn,O,-MnO, mixtures was made the subject of a separate study; Morita, idid., 1939, 14, 520; 
1940, 15, 1). Morita showed that exchange of "© between the two gases became rapid at 
temperatures usually of the order of 500—700°, depending on the oxide used, and that 
with the manganese oxides was appreciable at 400°. Brandner and Urey found in the course of 
a kinetic investigation of the (heterogeneous) reactions : 


"CO, + "CO == "CO, + + C#O == 4 CHO 


that exchange of *O occurred between carbon dioxide and a quartz vessel at 900°, but they did 
not pursue the matter further. 

Much indirect evidence for the lability and reactivity of specially prepared oxides towards 
certain gases may be cited from the literature upon heterogeneous catalysis ; the work of Garner 
et al, upon zinc, manganese, chromium, copper, and zinc oxides is particularly instructive in this 
respect (Garner, J., 1947, 1239, and papers there cited; Garner, Gray, and Stone, Proc. Roy. Soc., 
1949, A, 197, 294). Information may also be obtained from recent studies of the dependence of 
the semi-conductivity of oxides on the pressure and nature of the gas with which they are in 
contact (Bevan, Shelton, and Anderson, J., 1948, 1720; Anderson, Faraday Society Discussion 
on the Physical Chemistry of Process Metallurgy, 1948, 163). 


EXPERIMENTAL. 
the zinc oxide was prepared by hydroxide, Taylor and 


Sickman (/. Amer. Chem. Soc. 1932, “oo 602); the es and titania were samples of reagent-grade 
material of unknown history. The cele oe contained about | 2% of *O and was prepared by electrolysis 
of water enriched in *O, the gas being passed over palladized asbestos, dried, and collected over mercu 

it contained about 0-2% of an S noua giving rise to mass 24 in the mass spectrometer. The impu ty 
was not removed by prolonged heating of the gas at 400-—600° ah ny with the oxides and so was 


presumably nitrogen. Search was made by the mass spectrometer for other impurities up to mass 70, 
and none was found in a detectable amount (0-001%). ad 


Fro. 1. 


rometer, incorporating the circuits of Graham, Harkness, J. Set. Inetr., 1947, 


wo methods were used to follow the reaction In the preliminary work the oxide was weighed and 

euneteered to a clean x tube of about 80-ml. capacity, fitted with a tap and standard ground joint ; 
the tube was placed in furnace, attached to the vacuum line, and ow Rarcaraaned mm. 
of Hg or better for some 16 hours. The tube was then connected to a aE rae thay ny which the 
necessary amount of heavy oxygen was added; Gas rawn by means of the 
Topler pump from time to time, transferred to sample tubes, and sealed off. The sample tubes were each 
provided with a drawn-out capillary tip, which could be broken as required inside a conventiona) vacuum 
seal-breaker attached to the gas-iniet line of the mass spectrometer. In general, the reaction tube 

ture ; ae a Se See capacity and was filled with oxy at a pressure 
ae t 16 cm. of Hg, en Sr This method was conv t in that it left 


| 

ra 

2 

400° 

270; sa0° 

360° 

oe Al 0s ; 400° 

02 Al20,; 500° 


exchange reactions to be examined in a qualitative manner; it suffered from the disadvantage that the 

reacting oystom net remeln constant theeaghout Yun, wes withdrewa in appreciable 
tit 

this are presented in fashion only, in Pig. 1; 

the curves have not been corrected for oxygen rawn for analysis during the runs. 

Por the detailed examination of the kinetics of the exchange reactions, the system shown in Fig. 2? was 
constructed. The sample of oxide (generally 1—2 g.) was confined in R (made of Pyrex glass or silica), 
which was surrounded by the furnace; C was a cold finger kept at —78* which served to condense any 
volatile impurities in the: reaction system. Evacuation of the oxide and the introduction of a measured 

ntity of enriched oxygen gas was achieved through the three-way tap 7,; the pressure of oxygen in 

system during the exchange reactions was measured on the manometer M. L was a capillary leak, 
such that with a pressure of 6-8 cm. of Hg on one side, and with taps 7, and T, open , the pressure of 
gas drawn through into the mass trometer was about 10-* mm ‘ol He Hg in the Fe ac ta region, this 
fy are provided peaks at masses 32 and a a and “©"*0) of sizes suitable for accurate analysis of the 
motepe abundance. The three ta ‘end T, provided a lock so that the volume between 7) 

and 1 could be pumped out without a pate vo vacuum in the mass spectrometer, i.¢., so that # and Fo 
could be readily removed and a fresh sample of oxide put in. The distance from R to the capillary leak 
L was constructed of |-cm. bore tubing to reduce to a minimum (< 10 secs. at the gas pressures used) the 
time of diffusion of oxygen from the reaction region tol. The capillary leak was oa by pulling down 
Smale capillary tubing of about §-mm. bore. The leak was tested to give 
of air (about 2 or 3 per second) when dipped under ether and subjected to a pressure of 


Fic. 2. 


suitable peak sizes in the mass spectrometer. Leaks can readily be made in this manner wi fine-drawn 
— only some 2-3 mm. long; they are easily selected by the bubble test to work at pre-determined 
wessures. This method of construction testing, for details of which the author is indebted to 

“ L.. Graham, is mach preferable to that described Harris (J. Set. Jmstr., 1948, 25, 417). 

With this system the procedure used was to place the oR sample in R and outgas it by heating it to 
the desired temperature and pumping through 7,, with T, » Open and 7, shut, to a vacuum of 
10* mm. of Hg or better, for some 16 hours. If comioel tes the temperature of the furnace was then 
rapidly reduced to that at which the a reaction was to be studied. The enriched oxygen gas was 
introduced, in known amount, through 7 was shut, and 7, opened. A continuous siow drain of 
oxygen from the reaction sone passed ieeeah L into the mass spectrometer and a record was taken of 
decrease of the “O content with time. The amount of oxygen taken off in this way for analysis was in 
all cases no more than li* g ton hour and was usually no more than Ili g. ; 
in 4 hours, and about 10* g. of 

It is to be noted that, althou 
ive “© contents correct to +1 of 2 parts in 1000 of the figure measured ( 
vans. Faraday Soc, io the press), yet accuracy of this or cannot be coontal here. , This 1s because 
the nerma! method of analysis involves the measurement and a 
so as to eliminate random fluctuations tn the mass spectrometer tu 
— work the sample is continually changing so that only a very few ratios, and often only one, can 

obtained for each expermmenta! point. Inspection of the results has indicated that even so the *O 
contents are almost always consistent among themselves to | part in 100 or better. 

Kinetics. The exchange with was selected for study. The 


kinetics (cf. Mackay, Nature, 1938, 148. 907) as is shown by Fig where 
against (minutes); is the of in the gas being at time a 
ment, and *O,, is the “O content when the reaction is « 


the first reaction has finished. 
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back to C, and the mean of the "O contents at B and C taken as the infinity value. The velocity of the 
exchange reaction is independent of the gas re, over the limited range which can be studied 
1. presen od at six t tu 
yield an activation energy of 37:3 + . 


Taste I. 


Reactions at 548—556° : y-Al,O, outgassed for 16 hours at 590°. 


556° 
10-30 14-00 
0-0060 0-0059 


Reactions from 485° to 592°: y-Al,O, oulgassed for 16 hours at 590°. 


. P (em. Hg). A, (min). log, 4, Temp. */T. P (cm. Hg). 4, (min), log,, A,. 
6-85 8-174 sos” 1210 7406 =6——2-310 
000194 2-712 556 


* Mean of 2 runs, see Table I. 


; 1 and performed at a pressure of about 60 cm. of Hg yields a A, value of approximately 2-5 x - 
min.*; this value falls very close to the activation-ener Plot based on the values in Table TL, so the 
rate appears to be independent of oxygen pressure (rom 3 to 60 cm. of Hg. The calculation of A, is 
Given in the next section. 
Fis, 3. 
3 
592° 
ime (minutes). 
Fis, 
10 
A 
02 
‘ume (minutes). 
Taste II. 
Temp. 10/T 
«132 
620 126-1 
ots 121- 
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Discussion. 

The experiments presented in Figs. | and 4 demonstrate that the exchange with gaseous 
oxygen possesses the same characteristics as that with water vapour (see Part I]), viz., an 
initial rapid reaction followed by a slow drift which continues indefinitely. From the quantities 
of oxygen and oxide used (an approximate allowance being made for the gas withdrawn for 
analysis in the preliminary experiments, Fig. 1), we obtain the number of readily exchangeable 
atoms of oxygen, n’,. per g. of oxide, using the equation 


. 
where "©, and "O,, are the initial and final “O contents of the gas expressed as %, and 0°2 is 
the *O content initially of the solid surface (assumed to be the normal "O abundance) ; n, is the 
number of oxygen atoms in the amount of gas used, and w is the weight of oxide used. We 
assume here and in what follows that the “O content of the exchangeable part of the oxide 
surface becomes equal to that of the gas phase at equilibrium (cf. eqn. (7)]; this will be nearly 
enough true for our present purpose. These values of »’, are compared in Table II! with 


Tame Il, 
Exchangeable O, atoms/g. of oxide. 
From H,"O exchange. From “OO exchange. From N, isotherms. 
1-32 10™ (200°) &2 x 10” (410°) 1-35 = 10" 
1-30 x 10% (555°) 
3-48 =x 10” (120°) 29 = 10” (360°) 491 x 10" 
927 x 10® (120°) 31 = 10* (400°) 10” 


corresponding figures obtained from the water-vapour exchange experiments and the nitrogen- 
adsorption isotherms of Part II. (Zinc oxide is not considered here since the exchange reaction 
is very slow for this oxide, even at 500°; a detailed examination of zinc oxide is in progress 
and will be reported later.) It seems reasonable to ascribe the initial rapid exchange to 
reaction between adsorbed "O-enriched gas and surface oxygen ions, and the slower exchange 
to either or both of the following causes : (a) reaction with much less active parts of the surface 
such as stable and relatively complete crystal faces, or the surface exposed inside Smekal cracks, 
ete., or (6) to a slow diffusion of ions from the second layer in the solid to the surface, where 
exchange occurs. It is not possible at present to decide between these possibilities, but it is 
planned to measure the diffusion of "O into various oxides at higher temperatures so that the 
extent of diffusion at the lower temperatures considered here may be estimated. These diffusion 
measurements will themselves be of great interest apart from their application to the present 
problem. 

The velocity constants 4, obtained directly from the plots of log,.("O, — “O,, ) against time 
are not absolute values: we may write 

— da/dt = Aja — (1) 

where 4, is the experimental velocity constant, and the a terms refer to "O atom fractions in the 
gas phase. 

We may regard the exchange reaction as essentially 


a 
+ "0, == MO, + #0, 


and make the assumption that 4, = 4_,, which will be very nearly true. The symbols O, and O, 
refer to the reacting species, of the gas and solid respectively, and need not for the present 
purpose be more closely identified. 
The velocity of the exchange reaction is 
. 
Aven’ — 8) — (1 — a8} 
where 4, is the absolute velocity constant, C, is the concentration of oxygen gas in the reaction 
gone, and § is the atom fraction of *O in the solid surface at time ¢. 
If we assume that C, does not change with the oxygen gas pressure (for example, if we suppose 
that C, refers to a saturated chemisorbed layer of oxygen upon the oxide surface) we may put 


3 
4 
Oxide. 


[1950] Studies of the Exchange Reactions of Solid Oxides. Part II. 1175 


The above equations assume that the reacting portion of the gas, C,, is in isotopic equilibrium 
with the remainder. 


At any time during the reaction 
and at the end of the reaction 
and we have already assumed that 
where «, and §, are the values of « and § when ¢ = 0. Equation (Zand 41) yield 


relative proportions of gas and solid present in the reaction system, and should be independent of 
the oxygen gas pressure, provided that the constancy of C,, assumed above, is correct: the 
results show that this appears to be so over a wide pressure range for y-Al,Oy, 

We cannot yet identify the process being measured, which in the case of y-Al,O, has an 
activation energy of 37°3 + 05 kcals. The exchange must involve at least three steps: (4) 
adsorption of the gas, (6) exchange, (c) desorption : there is probably a dissociation into atoms 
between (a) and (6) and a corresponding recombination process between (6) and (c). Any of 
these stages may be rate-determining, and indeed the limiting reaction may depend on the 
temperature of observation ; there are no data from other studies which enable any choice to be 
made with certainty, but a study of the rates of adsorption and desorption of oxygen is planned 
and should be valuable in this respect. Detailed discussion of the significance of the present 
results is reserved until this has been done. 


Acknowledgment is made to Professor H. V. A. Briscoe for his interest and yy 
Chemical Industries Limited for financial assistance towards the expenses o/ 
spectrometer, and to the Conteul Manat Sand of Lenton toro tor tie 
equipment. 
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240. Studies of the Exchange Reactions of Solid Oxides. Part II. The 
Exchange of Oxygen between Water Vapour and Certain Metallic 
Oxides 


By E. and E. R. S. Winter. 


Experiments are reported on the of "© between water r 
ThO,, and TiO,; the amount of exchange is in 
surface area (as determined by troge ption isotherms) of the powders. 


Tuts work was prompted by a wish to study the nature of certain catalytic reactions using *O, 
and we examined first the dehydration and dehydrogenation of alcohols upon alumina and 
thoria. Clear-cut results could not be obtained, however, because of the extreme ease of the 
exchange of oxygen between water vapour and the oxide; preliminary experiments 
demonstrating this exchange, and its general characteristics are reported bere. Because of 
the relatively large amounts of water required for analysis the technique used to study the 
Teaction is somewhat crude; it is intended later to repeat and extend the work by using very 
much smaller quantities of water which, after reaction, will be equilibriated isotopically with 
carbon dioxide, and the carbon dioxide analysed by mass spectrometer. Such facilities were 
not available at the start of this work, but should now permit a detailed examination of the 
kinetics of the reaction. It may be noted that in experiments similar to those reported below 


suffered ready exchange with the hydrogen in alumina at 300°. 


EXPERIMENTAL. 
previoly prepare pate i was some residual 
in these by fractional distillation; it 
repeated equilibration with ammonium chloride. The oxides were those 


exchanged rapidly with the H,O associated with the alumina, while the hydrogen in ethylene 

ow enrichment 

with to 

wsed in Past 
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Method —The exchange reaction followed Meeting Se of the water to 5 
; 1037, 1492) (1 yd 1 part 


density). 
286. of the oxide were weighed into » tube and confined, so as to fill the cross section 
of the tube, between two plugs of glass wool. tube was connected at each end through a standard 
nad joint to a cold trap and then to the main vacuum line and pum system; the portion of the 
fate conta oxsde was surrounded by an electrically-heated furnace. oxide was heated to the 
temperature of the experiment and pumped for § hours to a pressure of 10 mm. of Hg or less; the 
water evolved was cx ted in a trap cooled to —78° and weighed. 1 Ml. of heavy-oxygen water was 
then distilled in escwo to and fro over the oxide, the density being determined from time to time, until 
no further ra exchange took place. Eight such distillations, taking about 4 working days, each 
distillation taking about 4 hours, were sufficient in all cases. The treatment with the water was then 
continued for a further 14 distillations in order to determine the extent of the slow exchange (cf. below). 
The apparent surface areas of the oxides were found by measuring the adsorption isotherms of 
nitrogen at 76° K., upon samples outgassed for at least § hours at the temperatures of the exchange 
reactions In calculating the surface areas both the Harkins-Jura and the Brunauer-Emmett-Teller 
equation were employed, excellent plots were obtained, and the two methods agreed weil (to within | 
in all cases, provic that the constant in the first equation was taken as 4-06 and the area occupi 
by the nitrogen molecule as 15-1 4.* for the B ag) habe gee these values were therefore used by us 
and they are in general agreement with those Becessary by other workers. The results are 
summarised in the table. 


At the temperatures given in col. 3; obtained the difl 


Discussion, 


It is evident from the table that, as in the exchange with gaseous oxygen (Part I), two 
occur; one resulting in an initial exchange which reaches equilibrium comparatively 


rapidly at all temperatures and which can readily be shown (by a simple calculation from the 
weights of oxide and heavy water present) to involve only a small fraction of the oxygen present 
in the sample of oxide used, and the other resulting in a very much slower exchange. The 
exchange with alumina is the most thoroughly studied and here it is seen that the slower process 
must have an appreciable activation energy since it decreases rapidly in rate as the temperature 
is lowered and becomes inappreciable, under the conditions used, at 100°, The cases of the 
other oxides are doubtless similar, There are at least two possible explanations of the 
observations: (#) The rapid process is an exchange of the surface oxygen ions of the oxide 
(plus perhaps the exchange of all or part of the water still left in the oxide), and the slow process 
is the exchange of the second layer of oxygen ions in the lattice. (6) The rapid process is an 
exchange of part of the surface ions, and the slow process represents the completion of the 
surface exchange, being the slow exchange of poorly-reactive parts of the surface, of Smekal 
cracks, capillaries, etc., and/or of partly poisoned surface There is much evidence that the 
surface of a solid is by no means uniform in catalytic activity, so that the second explanation is 
quite plausible, but for the present we shall discuss our results in terms of the first hypothesis, 
Before comparing the readily exchangeable oxygen with the surface area as measured 
nitrogen adsorption we note that the water present in the y-Al,O, appears to be held in two 
ways; the more labile part is readily removed at 200°; the more firmly bound water, amounting 
to 0-16 g./25 g. of alumina, is not removed at 400°. To eliminate any possible complication 
due to exchange with the labile water we discuss the results of Expt. 3 (see table). We see 
that during the final fourteen distillations, which took 7 days, the water density fell from 554 
to 62:7 yd; this corresponds to an exchange with 0°080 g. of oxygen from the oxide The 
first eight distillations took four days and we may as a rough approximation say that if the slow 
reaction is due to diffusion of oxygen through the solid, the equivalent of 0-02 g. of oxygen 
which has exchanged with the water will in this time have diffused from the exchange zone and 
have been replaced by fresh oxygen of normal isotopic content. The rapid reaction shows as a 
fall in water density from 1052 to 654 yd, which corresponds to exchange with 0°80 g. of 
oxygen; thus the corrected figure for rapidly exchangeable oxygen is roughly 0-78 g. per 25 g. 
of alumina. To calculate the surface area of y-Al,O, occupied by 0-78 g. of oxygen we assume 


Water content,* Excess density of Surt 
g-/25 Inite- After After 22 area, 
Temp. ally. distilins. distilins. m.*/g. 
i ALO, 20° 0-526 106-2 52-6 52-6 86-0 
4 vad 100 0-361 ” 62-2 62-2 950 
200 0-158 62-7 43 
Tho, 120 0-078 83-6 82-8 3-35 
6 TWO, 120 62-2 62-0 7-29 
by 


{100} planes of a cubic close-packed oxide lattice are those mainly exposed at the 
(This & not, of course, an accurate picture, but wil! suffice for our rough calculations.) 
these conditions the area occupied by #= oxygen ions is 4nr*, where r is the ionic radius, 

The sample used weighed 25 g., so our calculation gives « surface of 02 sq. m./g. 


ast 
significance can be attached to the agreement obtained above without a considerable amount of 
further work. 

Turning to Expts. | and 2, we find that the amount of exchangeable oxygen is 0889 g. and 
O-616 g., respectively, per 25 g. of oxide, while the difference in water content between the 
samples used is 0166 g., corresponding to 0-147 g. of oxygen. Thus 0147 g. of oxygen (as 
water), removed from the oxide by outgassing at 100°, reduces the exchangeable oxygen in the 
sample by 0-274 g. It therefore appoars that each water molecule, present as labile water, 
facilitates the exchange of two oxygen atoms—its own and one in the surface of the alumina. 
An exchange mechanism involving the two hydrogen atoms is an attractive way of explaining 
this result, but the present work is not extensive enough to warrant detailed speculation. It is 
doubtiess significant in this connection that the results given here show that “O exchange 
between water vapour and y-Al,O, occurs much more readily than the exchange between the 
oxide and oxygen gas reported in Part I. 

It is noteworthy that the increase in surface area of 9 sq. m./g. obtained by outgassing the 
alumina at 100° instead of 20° is reversible and apparently closely associated with the loss of 
0165 g. of water. A quantity of oxide was outgassed at 20°, and possessed the norma! surface 
area of 86 sq. m./g. The same sample was then outgassed at 100°, as in Expt. 2, and gave 
a surface area by nitrogen adsorption of 95 sq. m./g.; on exposure to water vapour for some 
time until water was no longer rapidly taken up, followed by outgassing as before at 20° (which 
treatment removed some water), a surface area of 86 sq. m./g. was again obtained. 

A temperature of 120° was used for the experiments with thoria and titania in order to 
eliminate from the oxide any loosely adsorbed water, the temperature being chosen also so 
that, judging from the results on alumina, no significant amount of the slow exchange would 
occur, It is seen that the latter expectation was realised. By similar calculations to that 
outlined above it can be shown that the exchangeable oxygen in thoria corresponds to a surface 
of about 27 sq. m./g. and in titania to 73 sq. m./g. Thus is these cases there is only an order 
of magnitude agreement between the exchangeable surface and that deduced from the nitrogen 
isotherms. 


Acknowledgment is made to Professor H. V. A. Briscoe for his interest and encouragement, to the 
Central Research Fund of London University for a grant for the purchase of equipment, and to the 
Department of Scientific and Industrial Research for a maintenance grant for one of us (E. W.). 
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241. Piperettine from Piper nigrum ; its Isolation, Identification, 
and Synthesis. 
be F. S. Sprinc and James Starx. 


After the removal of from extracts of Piper nigrum a second component, piperettine, 
has been isolated. Hydrolysis of pi ee, which is yellow, gives a mixture of piperidine 


as (3: 2.4 Ginenotc acid ® ( H). Piperettine is 
thus the piperidide (11). a a conclusion confirmed by synthesis. 


Extraction of the dried fruits of Piper nigrum with alcohol gives an extract which on 
concentration deposits piperine (m. p. 120-—130°). It was observed in the laboratories of 
Mesars. T. and H. Smith, Ltd., Edinburgh, that after isolation of subsequent crops of less pure 
piperine the solution deposits an amorphous powder, m. p. 100—112°, which appeared to differ 
from piperine. An examination of this material has now shown that it contains a relatively 


* Geneva nomenciature is used in this paper. Eo. 
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large proportion of piperine together with a second compound to which the name piferettine 
has been given. The separation of the mixture was effected by a chromatographic method and 
also by crystallisation. The crystallisation procedure involved the mechanica! separation of two 
different types of crystalline aggregates which are deposited simultaneously on slow cooling of 
an ethy! acetate mother-liquor obtained from the solid, m. p. 100—112°, after the removal of a 
crop of piperine. Using alumina as adsorbent, it was observed that piperine is less strongly 
adsorbed than piperettine. 

Piperettine, C,,H,,O,N, m. p. 146°, separates from ethyl acetate in yellow rods possessing 
4 pronounced green sheen. It has properties very similar to those of piperine. It is nearly 
insoluble in both dilute acids and alkalis and with concentrated sulphuric acid gives a blood-red 
colour, It gives a positive reaction in the Labat test for the methylenedioxy-group. The 
ultra-violet absorption spectrum of piperettine in alcohol solution shows a broad band with a 
maximum at 3640 a., whereas piperine exhibits a similar broad band with a maximum at 
3450 a. (Pig. 1). 


Fie. 1. Fis. 2. 
2 


using alcoholic potassium hydroxide gives a mixture of piperidine 
and piperettic acid, C,,H,,O,. Piperettic acid, which forms golden-yellow needles from ethanol 
and gives a positive reaction in the Labat test for the methylenedioxy-group, was characterised 
by the formation of a methyl ester. In alcoholic solution piperettic acid exhibits an 
maximum at 3600 ., whereas piperic acid exhibits a maximum at 3400. (Fig. 2). The 
reactions outlined above suggested that piperettic acid is a vinylogue (I; R =< H) of piperic 
acid and that piperettine is the corresponding piperidide (II). These deductions have been 
confirmed by synthesis. 


CHO + Me 


t He 
CHICH CHICHCHCH CON. Och, 


(il) CH,—-CH, 


Treatment of piperonylideneacetaldehyde (IIT) with methyl y-bromocrotonate in the presence 
of zine gave in poor yield methyl 7-(3 : 4-methylenedioxyphenyl)hepta-2 : 4: 6-trienoaie* (1; R = Me), 
hydrolysis of which yielded the acid (1; R = H) which proved to be identical with piperettic 
acid; the ultra-violet absorption spectrum of the synthetic acid is shown in Fig. 2. 
Condensation of the acid chloride from (I; RK — H) with piperidine gives 7-(3 : 4-methylene- 
diosyphenyl )hepta-2 : 4: 6-trienopiperidide (11) which is identical with piperettine. 

* Geneva nomenciature is used in this paper. Ep. 
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EXPERIMENTAL, 


ne from an alcoholic extract of the crushed fruits of 
Piper mgrum, the mother- amorphous yellow powder, m. p. 100-112" 

(a) A solution of the sx p 112° (6-0 g.), in boiling ethy! acetate (11 c.c.) was cooled during 
1 hour to 30°. The crystalline solid (1-3 g.; Pp 
twice from ethyl piperme (0-9 g.). 

mixed with an authentic specimen. The decan And .-¥ — 
deposited two forms of crystalline 
we, wart-like 
clusters (2-25 from ethyl acetate yielding pipenne 
) from ethy! acetate gave pr me as highly refracti 
(Found: C, 73-6, 73-4, 73-4; HM, 7-1, 69, 60; N, 4-7. 
3 68; N, 45%). Piperettine crystallises from alcohol as rosettes 
otorm, acetone, or glacial acetic acid and 


acids, or alkalis, It is sparingly soluble im concentrated hydrochloric acid to give a bright 
colour changes being red -—»> brown ——> olive-green ——»> emerald -green, 
00-—112° (10 g.), from Piper in benzene—light petroleum 
ht petroleum, and then it conmsted of a 
band (ca. | cm.) (zone B) separated 
Gn Zone D (16 cm.) was pale yellow at 
oot, the colour deepening in intensi Above the principal band 
E (6 cm.) above whic head of the column, were two very narrow 
brown bands (zone F). The chroma’ was eluted by continued with 
petroleum, benzene, and to give the fractions shown in the 


Wt. of 
Zone. Solvent. 
A 


(b. p. (3:1), TOL 
ight 

(5: L 

211. 


161 


400 
Benzene-alcohol 500 
Benzene-alcohol (95 : 5) 600 c.c. Resin 
Benzene-alcohol (1 : 1) 600 c.c. Dark brown resin 


as pale yellow rods, m. p. 127-—130° 
when mixed with an authentic ——. treatment of fraction I] gave piperine 
as almost colourless rods, m. p. 128-—-130° ressed when mixed with an authentic specimen. 
tion of fractions III and IV gave ight y less pure piperine. The resinous fraction V was 
dissolved in hot ethyl acetate; the solution deposited 
124—128°. On storage, the mother liquor deposited a crystall yx 130-142", which after 
recrystallisation from the same solvent gave prisms, m. p 138-146" (0 bs} Set when coined 
= ha specimen of piperettine described above. Fraction VI crystallised from ethy! acetate and after 
hsations from the same solvent gave piperettine (0-1 g.) as pale yellow-green prisms, m. p. 
Ht icy undepressed when mixed with the specimen described above; on storage, the mother-liquor 
depomited mixture which was mechanical means. Fraction VI! 
| acetate and then thrice from ethanol, ve 
highly refracting needles, m. p. 141-147". Fractions VIII and X 4 not yield crystalline material. 
Fraction IX crystallised from acetate and alter recrystallmation from the same solvent gave 
crude piperettine crops . VIL, and IX were combined and 
cnmmuiees from ethyl acetate to give ppevettinn (210 mg.) as as pale yellow . m p. 145°. 
Similarly the crops of piperine Coe from fractions I—VI were combined recrystallised from 
ae piperine high ) as racting rods, m. p. 126—129". 
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Fraction. 
I 
034 Gummy solid 
It B Benzene 0-39 m. 
27-——130° 
1 c Benzene 1-72 Cryst. 
Iv First of Benzene 1-75 Brown resinous solid 
zone 
v Second of Benzene 1-70) Brown resin 
zone 
vi Third of Benzene 165 Clear brown resin 
zone 
vil Fourth of Benzene 10 Brown resin 
zone 
vill E 
Ix F 
x 


Piperettine from Piper nigrum ; 
was heated under reflux for 6 hours. The crystalline m salt which separated du 


was collected, washed with ethanol, dried (dry wt. 1-6 ¢), and dissolved in hot water (1! ; 
solution was acidified with hydrochloric acid [1-2 ¢.c. (d 1-16) in 4 cc. of water), The voluminous 


gos g.), and thrice crystallised from ethanol, 
y Piper golden. * (Pound: C, 687; H, 61. C,,HyO, 


requires C, 66-0; H, 40%). The methyl ester, prepared by diazomethane on a 
of the acid in ether, tes from ethanol as brittle, orange-yellow needles, m. p. 174° (Found: C, 
wires C, 69-8; H, 5-4%) 

The ethanolic bitrate washings obtained after removal of potassium piperettate were combined 
and evaporated to dryness under slightly reduced pressure. The receiver was cooled in ice-salt. The 
distillate, which was orgs J basic, was saturated with hydrogen chloride and evaporated to dryness, 
to give a colourless sold (0-6 g ) which on crystallisation from ethanol gave piperidine hydrochlonde as 
needies, m p 244° alone of mixed with an authentic specimen. The picrate was obtained from water 
as fine yellow needles, m. p 150° undepressed when mixed with a specimen of piperidine picrate. A 
specimen of the hydrochloride was shaken with dilute aqueous sodium hydroxide with an excess of 
benzenesulphony! chloride for | hour. The benzenesuly peridide which separated crystallised 
from ethanol as colourless prismatic needles, m ? 01° alone or mixed with an authentic specimen 

Methyl 7-(3: & Methylenedion 4: 6-triencate (Methyl Piperetiate)—A solution of 

ony lideneacetaldehyde (m. p. 84°; 7-5 g) in dry thiophen-free benzene (35 c.c.) was treated, with 
stirring, with zine shavings (2-6 g.) and methy! » bromocrotonate (7-6g.). The reaction was initiated 
the addition of a trace of todine and by gentle warming. When the first vigorous reaction had sabeides 
(10-15 minutes) the mixture was heated under reflux for 2 hours, during which a brown gelatinous 
solid separated and the mixture was diluted with b (l0c.c.). After cooling to room temperature 
the mixture was again diluted with benzene (100 cc ), and the id and suspended sold were noted 
from zinc and with 3n-hydrochioric acid cc). The layer was washed successively 
with water, aqueous sodium carbonate, and water and then dried (Na,SO,). Eva tion of the 
solution gave a sticky brownish-orange residue which yielded a solid after trituration with ether (i5.¢.c ). 
The solid (0-0 ; m. p. 170°) was collected and washed with ether (5c.c.). A second cre lg.) of 
same material was tion o! 
combined solids from benzene ga yphenylhepia-2: 6-trienoate as 
yellow prismatic needles, m p. 174° undepressed when mixed with the specimen of methyl! piperettate 
described above (Pound: C, 60-7; H, 5 C,,H,,0, requires C, 69-8; H, 5-4%). 

4: 6-triemoxe (Puperetiic) Acid. —A solution of the foregoing 
ester (0-25 g.) in absolute ethanol (23 cc.) containing potassium hydroxide (2-0 g.) was heated under 
reflux. A potassium salt gradually ated as small plates. After 3 hours the cooled mixture was 
filtered and the potassium salt washed with ethanol crystallised from water, giving butf-coloured 
needles. The acid (0-24 ¢.) obtained from solution of the salt in hot water (800 ¢.c.) by 3n-hydrochloric 
acid was washed with water and crystallised from ethanol, to yield 7-(3 : 4-methy axyphenyl hepta- 
2. 4: Gtrienow acid as ere needles, m. p. 224° alone or mixed with a sample of ti 
acid (Found: C, 68-8, H, 48. requires C, 68-9; H, 40%) 

& muspension of the foregoing acid 
(0-4 g.) in dry benzene (20 ¢.c.) and thionyl chloride (3 cc.) was heated under reflux, gradually dissolvi 
with liberation of hydrogen chloride and sulphur dioxide. After 4 hours the clear orange-colou 
solution was evaporated under reduced pressure at < 30° i eer residue, in dry benzene 
), was treated with piperidine c.) in dry benzene (5¢.c.). fter 18 hours at room temperature, 
the separated piperidine hydrochloride Ps )was collected and washed with benzene. The benzene 
filtrate and washings were combined, dilu with approx. 50 c.c. of benzene, and washed thrice with 
3x hydrochloric acid and then successively with water, aqueous sodium carbonate, and water. The 
dried (Na,SO,) solution was evaporated and the yellow solid residue (0-45 g ) crystallised from ethanol 
(charcoal), to give 7-(3 4-methylenedsoryphenyl) hepta-2 4: 6-trienopiperidide as clusters of ellow 
needles, m f 146° undepressed when mixed with a sample of piperettine (Found: C, 73-2; H, 6-5; 
N, 43. requires C, 73-3; H, 68; N, 4-5%). 


We are glad to acknowledge our indebtedness to Mr. W. F. Martin and to the Directors of Messrs. 
T. and H. Smith, Ltd., Edinburgh, for placing at our disposal the crude piperettine-containi 


residues from extracts of Puper o and to the Department of Scientific and Industrial R 
for a maintenance allowance (to J. 5.). 


Rovat Tecuntcat Grascow. (Received, December 14th, 1949.) 
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242. Absorption Spectra of Substances containing the Carbon—Iodine 
Bond. Part I. 


By R. A. T. Inepare, and J. Janvier. 


The ultra-violet absorption spectra of the vapours of many pounds containing 
bond are continuous. This is interpreted term of the 


Tue near ultra-violet absorption spectra of many molecules 

bond are continuous, which corresponds to dissociation of the molecules, the iodine atom 

invariably splitting off. They cannot be compared with spectra of similarly constituted 

substances which have one of the other halogens attached to the carbon, or some other feature of 
importance, and show vibrational structure. 

The saturated hydrocarbons like methane and ethane show absorption only in the far 
ultra-violet. The bands are usually diffuse, or only continuous absorption is evident, so that 
@ pre-dissociation process may be operative (Mulliken, /. Chem. Physics, 1935, 3, 518). 
Substitution of a hydrogen by a halogen atom shifts the absorption in to the near ultra-violet 
region; the photochemical process following the light absorption starts from the splitting-off 
of the halogen atom (Hukumoto, ibid., p. 164). In the case of the iodides, at least, a series of 
exhibit a Rydberg series leading to ionization (Herzberg and Scheibe, Z. physihal. Chem., 
1930, 7, B, 390; Price, ]. Chem. Physics, 1935, 8, 365; Mulliken, sbid., p. 513). 

The molecule of ethylene begins to absorb below 2000 4., which is interpreted by Price and 
Tutte (Proc. Roy. Soc., 1940, A, 174, 207) as a so-called N ——> V transition, in which one « 
electron is in an anti-bonding orbital and the other remains in the bonding orbital. Substitution 
of hydrogen by iodine produces a new band in the 2600-,. region, resembling the continuous 
absorption of an alkyl iodide. It cannot be attributed to a bathochromic shift of the N-——> V 
band. Viny! iodide, like ethyl iodide, liberates iodine by light absorption in the 2600-a. region 
(Emschwiller, Compt. rend., 1931, 192, 799; Rollefson and Burton, “ Photochemistry,” 
Prentice-Hall, 1942, p. 206). There is no evidence to suggest, among other things, that 
absorption of a light quantum by viny! iodide results in a rotation about the double bond. 

In the aromatic series substitution of hydrogen by halogen produces bathochromic shifts, 
but here the vibrational! structure lends itself to a more quantitative treatment. The theoretical 
treatment of this problem of light absorption by the symmetrical benzene molecule and its 
simpler derivatives has been very successful (Sponer, Rev. Mod, Physics, 1042, 14, 224; Sklar, 
tbid., p. 232). The fluoro-, chloro-, and bromo-benzenes behave normally, and show a vibrational 
structure similar to that of benzene, but iodobenzene shows mainly continuous absorption, in 
this way resembling the alky! iodides in its photo-chemical behaviour. 

Aldehydes and ketones possess characteristic absorption, ascribed to the C—O group, in a 
region extending in the simpler cases from 3500 to 2400 a. Any discrete vibrational! structure 
is usually masked by a continuous background, so that here substitution of hydrogen by iodine 
produces a result which is not so easy to interpret, although such compounds in their photo- 
chemical behaviour resemble the alkyl iodides (Mulliken, J. Chem. Physics, 1935, 8, 664; 
McMurry, ibid., 1041, 9, 241). 

The characteristic absorption of carboxylic acids (other than formic acid which shows some 
structure in its spectrum) and esters begins with a continuous band at 24004., having a 
maximum at 2100 a. (Ley and Arends, Z. physthal, Chem., 1932, 17, B, 177). It is ascribed to 
the carboxyl group. Substitution of hydrogen by iodine in methyl, ¢.¢., formation of iodoacetic 
acid, produces the characteristic alky! iodide band in the 2600-a. region. The characteristic 
carboxy! band, however, is also present, and is more intense than in acetic acid and has suffered 
a bathochromic shift. Here we have an example of strong absorption due to a particular 
group (the C~I bond) preceding the normal absorption of the parent molecule, acetic acid. 

Where the C~I bond exists in a molecule separated far from another chromophoric feature, 
¢.g., the resonating benzene structure, Hillmer and Paersch (Z. physital. Chem., 1932, 161, A, 
46) found that additive relations are sometimes possible, in agreement with Henry's law 


f 
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tra of todobenzene vapour, which confirm the view that the continuous absorption fend 
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(" Etudes de photochimie,” Paris, 1919, p. 174; Brande, J., 1949, 1903). They found that the 
extinction coefficient of iodopropylbenzene was nearly equal to the sum of the extinction 
coefficients of propylbenzene and propyl iodide. No such agreement was possible in the case of 
jodobenzene compared with (benzene + alkyl iodide), and here we might expect some 
conjugation of the 9 electrons of the iodine atom with the electrons of the benzene ring. There 
is evidence, as Hillmer and Paersch have shown, of a banded structure, as well] as of continuous 
absorption, for solutions of the iodopropylb . Some molecules absorb one way by 
excitation of the C-I bond, others by excitation in the benzene ring, according to their 
transition moments given by the equation M =< /yerp‘dr. 

Almost all studies of absorption spectra have been made on substances dissolved in 
appropriate solvents. In this way important features of the absorption process have some- 
times been jost. The rotational fine structure is in every case absent, and often the individual 
vibration bands have been merged into a continuous spectrum in the liquid phase. In some 
cases, for purposes of identifying structure, these features are not important; in others they 
are. When the continuous absorption appears for the vapour phase of the compound at low 


Pie. 1. 


(1) Hydrogen arc ; (2 absorption ; (3) 


pressures, it will not always be comparable with the band of another substance in the same 
region, which shows vibrational! structure in the vapour phase and continous absorption in the 
liquid phase. 

We have studied absorption spectra of substances both in solution and in the vapour 
state. 

lodobenzene.—We found the absorption spectrum of the vapour of this substance to be 
entirely continuous (cf. Purvis, /., 1911, 2318). The photographic plate (negative) was examined 
with the aid of a densitometer. The density curve of the iodobenzene continuous absorption 
compared with the benzene structure is shown in Fig. 1. Owing to the decrease in sensitivity 
of the plate towards the shorter wave-lengths, a true appreciation of the absorption maximum 
cannot be obtained from this curve. By plotting the difference between the densities of the 
hydrogen-are spectrum and the iodobenzene-absorption spectrum (dotted curve) a broad 
maximum is discovered in the region 2800 a. 

Our absorption measurements on iodobenzene in hexane corroborate those of previous 
investigators (Hillmer and Paersch, Joc. cit.). The first absorption band has a maximum at 
2560 a., « « 665, and the second at 2320 a., ¢ = 10,000. The second band may correspond to 
the 2100-a. band ('A,, ——> 'B,,) of benzene (Sklar, Joc. cif.). In hexane under the influence of 
nitric oxide, which inhibits the back reaction C,H, + 1 = C,H,I by the side reaction 
C,H, + NO « C,HyNO, a quantum yield of approximately unity has been found for the 
photo-decomposition of iodobenzene by light of wave-lengths 25002800 a. (Durie, Iredale, 
and Kingsbury, Nature, 1949, 164, 786). Practically all the light-affected molecules must have 
absorbed by way of the C~I bond and not in the benzene ring by the « electrons, as it is very 
unlikely that NO would have reacted at room temperature with excited molecules. 

lodoacetic Acid.—The absorption spectrum of the vapour of this substance is continuous, 
There is a broad maximum at ~2800 a. (Fig. 2). In different solvents the well-known C-I band 
appears with maximum at 2600—2780 a: 
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A(min.). © (min). 
2600 455 


317 


(2) lodoacetic acid absorption: (3) Difference im density 
Showing absorption marimum. 


On the short-wave side of the minima another absorption band commences, and this is the 
characteristic feature of the acetic acid absorption. In general, the maxima of this band are 
in a region not suited to measurement by the Fu. 3. 

Beckman instrument, but for sodium iodo- 

acetate a second maximum was found at 
2240 a., « = 1800, also with the alcoholic 
solution of the acid. 

The influence of the solvent on the dis- 
position of the C-I band might be related to 
ionization, together with hydration of the ion. 
But we have found no evidence that the 
spectrum is indicative of an electron transfer, 
as is sometimes the case with anions (Rabino- 
witsch, Rev. Mod. Physics, 1942, 14,112). The 
jiodoacetate ion definitely shows an absorption 
shift towards the shorter wave-lengths, when 
compared with the molecule. As iodine is 
liberated under conditions where the back 
reaction I + -CH,-CO,H CH,I-CO,H cannot 
occur (experiments to be described shortly), we 
must assume that decomposition of the mole- 
cules follows on instability caused by excitation 
in the C~I region. 

The same kind of absorption is found with 
iodopropionic acid (Levene and Rothen, J. Biol. 
Chem., 1934, 107, 538). 

Ethyl §-lodopropionate.—In heptane this 
substance shows the characteristic C-I band, 
with a maximum at 2595 a., « = 381. Methyl 
f-iodopropionate shows similar absorption 
(Kuhn and Biller, Z. physikal. Chem., 1935, 29, 
B, 266). 

3-lodopropaldehyde.—The typical C-1 band 
has a maximum at 2700 ., 403, which is 
shifted towards the shorter wave-lengths relative to the propaldehyde 
maximum at 2880 4.,¢ = 23. The intensity of the iodide absorption is much higher than that 
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of the aldehyde itself. In the 2700-,. region iodopropaldehyde in solution in hexane is unstable 
to light, and liberates iodine, as do the alky! iodides. 

A quantitative treatment of these results based on theoretical considerations of the 
interaction of the iodine atom with the w-electron system of the benzene, or with the carboxyl 
and other groups, will not be essayed at present. Of this we may be certain: in its state of 
univalent combination iodine can sometimes exhibit a degree of unsaturation surpassing 


that of the other halogens. The formula for iodobenzene might be written I=. 


Further work is to follow, involving a study of the iodides of more extensively conjugated 
systems such as naphthalene and phenanthrene, where we have found that the C-I spectrum 
is not so strongly in evidence. The experimental difficulties associated with these investigations 
are very great. They involve a recognition of an underlying continuous absorption where the 
vibration band system is strong, and the detection of an underlying band system where the 
C~1 continuous absorption is strong. Bands can only be detected at low pressures, and where 
the utmost precaution is taken to prevent formation of a condensate on the end windows of the 
absorption cell. 

The results we have obtained serve to emphasise certain features of light absorption which 
have not been highly developed, at least, not on the theoretical side. For it is evident that a 
molecule may absorb in the same spectra! region in one or more ways, and in one or other of 
different groups, to an extent dependent on the transition moments in these groups and on the 
influence these groups have on one another. Some nitro-compounds, ¢.g., nitrobenzene, are 
similar to the iodides. The vapours show only continuous absorption, which is localized in 
the nitro-group and leads to photo-dissociation in this region (Hastings and Matsen, J. Amer. 
Chem, Soc., 1948, 70, 3514). 


EXPERIMENTAL. 


Measurements of absorption spectra in solution were carried out with the aid of a Beckman 
spectrophotometer. The wave-length scale was checked by the radiations of a mercury-vapour 
and the transmissions with a solution of alkaline potassium chromate (Hogness, Zscheile, aud Sid 
J. Physical Chem., 1937, 41, 379). The source of continuous radiation for measurements on the vapours 
was a modified form of the Allen hydrogen are (Allen, J. Opt. Soc. Amer., 1941, $1, 268). The tra 
were obtained with a Hilger 185 concave-grating spectrograph, and were photographed on Kodak 
super XX 10” = 4” plates, the sensitivity of which fell off rapidly towards short-wave end of the 
spectrum. The plates were examined with the aid of a Baird Associates densitometer (Baird, wid., 

179). Iron and copper arcs were used for comparison spectra. The substance examined was distilled 
nto a quarts tube with plane quartz ends, evacuated, sealed off, and supported in an air-thermostat, 
heated in a way designed to prevent condensation on the end windows. 

Matertals.-Hexane. Hilger's pure, spectroscopic. 


Heptane. This was purified, after fractional distillation of a cial le, yp through 
of the pur sample was 


a column of silica gel, [20 cm. in length, and re-distillation. Transmission 
27% of 2200 a. and 67% of 2300 a. 

Alcohol, 95% Ethanol was used for general purposes; it had a high transmission (35%) of 2200., 
and no selective at »tion anywhere. 

. lodebenzene, Purified by distillation under reduced pressure. It was colourless, boiling at 
88° /759 mm 

lodoacetic acid. This was made by interaction of chloroacetic acid and potassium iodide at 50°. 
The iodoacetic acid was extracted with ether, and the small flat crystals recovered on evaporation of the 
ether. The material was carefully recrystallized at low temperatures from water, and also from light 

roleum ; it had m. p. 83°. 

Sodium iodoacetate. This was prepared from the acid by the addition of sodium carbonate to the 
solution until there was no more evolution of carbon dioxide. The solution was then added to alcohol, 
and the crystalline product filtered off. 

Solution of pH { A Clark and Lubs baffer, made with potassium chioride and hydrochloric acid. 

Ethyl B-todopropionate. The material was freed from iodine by shaking it with sodium sulphite 
solution, washed, dried, and distilled under reduced pressure; it had b. p. 200°/760 mm. 

S-Jodopropaldehyde. 30 G. of propaldehyde were mixed with 85 c.c. of 90% alcohol and 41-5 g. of 
iodine, and finally 16-5 g. of iodic acid were added. The mixture was allowed to remain with frequent 
shaking at about 20° for 14 days. Water was added. A heavy oil which separated was removed, washed 
with very dilute sodium carbonate solution, and dried (Na,SOJ. The product was distilled at 17 mm., 
and the fraction boiling at 53-—84° collected. 
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243. Steroids and Related Compounds. Part VIII. Some Tranaform- 
ation Products of 5-Methyl-10-norandrost-8(9)-ene-3 : 6-diol-17-one. 
By M. Davis and V. Perrow. 


Magnesium iodide, potassium, lide in liquid ammonia, and hb cyanide 
expected ee ee the transformations of which have been studied. 
3: 6- Dracetory-5-meth yl-10-nor pregn-8(9) -em- 20-one been obtained by pina- 
colinic rearrangement of 38 : 66-iacetoxy: 20-one following treatment with 
od R H, = Me) failed to show androgenic acti or the 
ethynyl compound ind fill: =H, R’ = “<GCH) progestational! activity. 
Work on the relation between structure and biological activity in the 5-methy!l-10-norandrost- 
8(9)-ene-3 : 6-diol-I7-one series (1; R= H) (Davis and Petrow, jJ., 1049, 2073) has been 
extended by a study of some transformations involving the 17-carbonyl grouping. These were 
undertaken with the object of enhancing any biological potentialities of (1), as it is known that 
reaction of dehydroep with reagents such as methylmagnesium iodide (Ruzicka, 
Goldberg, and Rosenberg, Helv. Chim. Acta, 1935, 18, 1487; 1936, 19, 357) and acetylene 
(Inhoffen, Logemann, Hohlweg, and Serini, Ber., 1938, 71, 1024), followed by oxidation, affords 
tertiary carbinols of high androgenic and progestational activity, respectively. 

Interaction of 5-methyl-10-norandrost-8(9)-ene-3 : 6-diol-i7-one (1; RK = H) with excess 
of methylmagnesium iodide in boiling ether—benzene gave 5 : 17a-dimethyi-10-norandrost-8(9)- 
ene-3: 6: 175-triol (Il; R= H, = Me), characterised by conversion into a diacetate (11; 
R = Ac, R’ = Me). The 17-hydroxyl grouping present in this compound is assigned the 
f-configuration relative to the 13¢-methy! grouping on the assumption that the rules valid for 
the behaviour of 17-keto-steroids on reaction with Grignard reagents (see “ Natural Products 
Related to Phenanthrene,” Fieser and Fieser, ard Edition, p. 376) are not invalidated by the 


On 
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structural differences present in their 5-methylnorandrostene analogues. 

triol (IL; R= H, R’ = Me) by the Oppenauer method led to the formation of a Aeto-diol, 
characterised by conversion into a monoacelate. The constitution of a 5: 17a-dimethyl-10- 
norandrost-8(9)-ene-6 ; 176-diol-3-one (111; R= H, R’ = Me) has been assigned to this 
compound from analogy with the sole formation of 3-keto-steroids from such compounds as 
deoxycholic and cholic acids under similar experimental conditions (Jones, Webb, and Smith, 
J. 1949, 2164; cf. also Davis and Petrow, loc. cit.). 

Addition of acetylene to 3 (I; R Ac) 
ia the presence of potassium fert.-amyloxide at room temperature gave only a small amount of 
the required 3 (IL; K Ac, R’ 
C=CH). Somewhat better results were obtained by employing potassium acetylide in liquid 
ammonia. Yields fluctuated widely in successive experiments but the cause of this variation 
could not be determined. As before (cf. Fieser and Fieser, op. cil., p. 328), the hydroxyl 
grouping at C,,,, is provisionally assigned the 17$-configuration. Oppenaver oxidation of the 
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corresponding triol (II; R= H, R’ « CaeCH) gave a monoketone, characterised as the 
monoacetale, and assigned the formulation of a 5-methyl-172-ethynyl-10-norandrost-8(9)-ene- 
6: 178-diol-3-one (111; R = H, R’ = CaeCH) (cf. Jones ef al., loc. cit.). 

The conversion of 17-ketoandrostane derivatives into 20-ketopregnane derivatives by the 
“ eyanohydrin ” route has been described by, inter alia, Butenandt and Schmidt-Thomé 
(Naturwiss,, 1998, 26, 265; Ber., 1938, 71, 1487; 1939, 72, 182), and by Butenandt, Mamoli, 
and Heusner (ibid., p. 1614). Similar treatment of (1; R < Ac) with potassium cyanide in 
boiling ethanol-acetic acid gave a poor yield of 17-cyano-3 : 6-diacetoxy-5-methyl-10-norandrost- 
8(9)-er-17-ol (Il; R = Ac, R’ « CN), raised to >80% by carrying out the reaction at room 
temperature. The product was evidently a mixture of C,,,,-stereoisomers not readily separable 
by crystallisation, as the melting points varied somewhat in different preparations. 
Dehydration of the cyanohydrin with phosphorus oxychloride in pyridine, either under reflux 
or in a sealed tube at 155°, gave 17-cyano-3 : 6-diacetory-5-methyl-10-norandrosta-8(9) : 16-diene 
(IV; R = Ac} in yields never exceeding 45%, converted by alkaline hydrolysis into the diol 
(IV; R= H). Attempts to convert the nitrile (IV; R= Ac) into the corresponding 
20-ketopregnane derivative by reaction with excess of methylmagnesium iodide in boiling 
benzene proved uniformly unsuccessful and further experiments in this direction were abandoned. 
Attempted hydrolyses of the nitrile (IV; R — H) to the corresponding acid were likewise 
unsuccessful. The compound was recovered essentially unchanged after prolonged heating 
with concentrated alcoholic potassium hydroxide, and reaction in a sealed tube at 150—160° 
led to profound decomposition. Accordingly, we turned our attention to the pinacolinic 
dehydration of 36 ; 6$-diacetoxyallopregnan-52-ol-20-one (V), which possesses the essential 
stereochemical features associated with molecular rearrangements of this type (Davis and 
Petrow, loc. cit.). 

alloPregnane-36 : 5a : 68-triol-20-one has previously been obtained in moderate yield by 
oxidation of pregn-5-en-3$-ol-20-one with hydrogen peroxide in acetic acid (Ehrenstein, 
J. Org. Chem., 19399, 4, 506; Ehrenstein and Stevens, sdid., 1940, 5, 318), or as the 6-mono- 
acetate, by reaction of pregnenolone with perbenzoic acid to give some “ a "’-oxide, followed by 
acetolysis (Ehrenstein and Stevens, sid., 1941, 6, 908). The preparation has now been 
improved, and (V) obtained in excellent yield, by treating pregn-5-en-36-ol-20-one with 
monoperphthalic acid, whereby the “«”-oxide was obtained in nearly quantitative yield, 
followed by acetylation and acetolysis. 

Dehydration of (V) with acetic anhydride-potassium hydrogen sulphate (Petrow, J., 1939, 
998) gave a glass which showed little tendancy to crystallise. Eventually after chromato- 
graphic fractionation and long storage, a very small quantity of an unsaturated diacetate, 
CysHy.O,, m. p. 120°, crystallised out and was removed by hand. Its crystalline semicarbazone 
was obtained from the residual glass. The diacetate failed to give either the Tortelli-Jaffé 
reaction or a blue colour with trichloroacetic acid. 

Negative colour reactions are unsatisfactory as a basis for the positive statement of identity, 
but they furnish useful evidence in this instance, for dehydration products of 38 : 5a : 68- 
triols having the A*structure, viz., 38 : 66-diacetoxycholest-4-ene (Petrow, Rosenheim, and 
Starling, /., 1938, 677) and 36 : 66-diacetoxyandrost-4-en-17-one (Davis and Petrow, /., 1949, 
2536), give blue colours with trichloroacetic acid, in contrast to the pinacolic 
dehydration products 3: 6-diacetoxy-5-methyl-10-norcholest-8(9)-ene and 3 : 6-diacetoxy- 
Acetic anhydride-potassium hydrogen sulphate 
dehydration, moreover, is known to enforce pinacolic dehydration in suitably constituted 
triols (Davis and Petrow, J., 1949, 2073). Nevertheless, the preparation of 38 : 68-diacetoxy- 
pregn-4-en-20-one was undertaken in order to effect a direct comparison with the unsaturated 
diacetate described above. 

Treatment of (V) with acetic anhydride-toluene-p-sulphonic acid gave the oily triacetate, 
characterised as the crystalline 38 : 5a : 68-triacetoryallopregnan-20-one oxime. When thionyl 
chloride in pyridine was employed, and the mixture heated under reflux, dehydration occurred 
to give, after hydrolysis and chromatography, a very low yield of pregn-4-ene-36 : 68-diol- 
20-one (VI). The latter compound gave a blue colour with trichloroacetic acid, an 
observation which excludes a A*-structure for the unsaturated diacetate, m. p. 120°, described 
above and leads to its formulation as a 3: §-diacelory-5-methyl-10-norpregn-8(9)-en-20-one 
(VIL). 

Dr. S. W. F. Underhill and Mr. W. S. Parr (Physiological Department, The British Drug 
Houses Ltd.) have kindly examined (III; R «— H, R’ = Me) and (III; R = H, R’ « C==CH) 
for biological activity. The former failed to show androgenic activity at a dose of 2 mg./rat, 
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but there was an indication that a dose of 20 mg./rat may have had a slight effect on one 
animal; the latter failed to show progestational activity in a dose of 10 mg. on infantile 
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tee Weiler and Strauss, Oxford. Activated alumina 


- Dimethyl. 10-norandrost-8(9)-ene-3 7 I; ReH, R’ = Me).—A solution 


from magnesium (1-5 g.) and excess iodide, and the mixture heated under 


with aminonium solution containing a little hydro- 
la the solution was extracted with small quantities of 


the bulked hed b and chloroform e: 
light gave 5: ere 6: 178 


Cc, 748; H, 
of 


sive 
8 hours at room temperature, 
“8; requires C, 73-3; H, 90%), 


ya (1; ReAc, R’ 

ammonia (50 ml.) (cylinder 

mg.) was added during several 

tained After one hour a solution of (I; R = Ac) (400 mg. 
i ether. Passage of acetylene was disc ; 


and dried, and the solvent removed. The residue (335 mg., 70%), after crystallisa 
t petroleum or from methanol, 3: 6-diacetoxy- b-methyl- 
! m. p. 225—227° (Found : C, 720; H, 82. C,,H,,O, requires C, 72-4; H, The compound 
to we @ Tortelli- aflé reaction, but gave a iow colour with tetrani el a 
5- Methyl-1Ta-eth ynyl-10-norandrost- (11; Re H, R’ The 


5-methyil-17 10-morandrost- 
~13 or 172° Pound 153; 
t petroleum. (6) A solution 
ether (20 | saturated with 


through th hours and it wes 

solution. ether-soluble fraction was treated with 

ketonic material and was then hydrolysed with alcoholic 

hydroxide. product was dissolved in benzene-chioroform (1 1) and chromatographed. Treat 

ment of the column with benzene removed oily material, after which elution with benzene-ether (1: 1) 
; R =H, R’ CCH) (30 p. 130—132°, not depressed in admixture 
prepared method (a). 


ple by 
Treatment of the foregoing triol (15 mg.) in pyridine with benzoyl chloride (100 mg.) at 100° for 
1 hour afforded the 3 : 6-dsbenzoyl derivative, plates (from m. p. 216-——216° (Found : 
C, 77-3, 77-2; H, 7-4, requires C, 77-4; H, 71%). 
: 178-diol-3-one (IIL: R = H, R’ = CCH), 
by oxidising (II; R H, R’ C=5CH) (110 mg.) with aluminium tert.-butoxide (250 mg.) in acetone- 
benzene for 44 hours, naps | chromatography in benzene and elution with benzene-ether, 
crystals, m. p. 218—219° (Found: C, 75-9, 760; H, 66, &7. C,,H..O,§H,O requires C, 75-8; H, 
§-6%), from acetone-light petroleum. The G-ecetyt derivative, obtas obtained by treatment of the of the foregoing 
com nd (15 .) with acetic anh for 12 hours at room eo feathery 
. m. p. 211° {Found : 2; 84. requires C, 745; H, 82%), from ether- 


t 
17-Cyano-3 (11; R Ac, R’ « CN).—A mixture 
from (1; R = Ac) (720 mg.) and finely powdered potassium cyanide (6 g.) in absotute ethanol 
15 mi.) and glacial acetic acid (4 mi.) was kept ov fog ay ttt Ht 
water. Crystallisation of the uct from ether-light ve 6-dsacetory -6- 
methyl-10-norandrost-8(9)-en-17-ol (740 mg.) as prisms, m. p. e108" effervescence) (Found: N, 3-2. 
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| 
rabbits. 
are 
(B.D.H. Laboratory 
ard 
reflux for 24 hours. After decompositios 
chioric acid, and removal 
chloroform (total 250 ml.) 
followed by addition of 
mg.; m. p. 183-—18 
uires C, 756-0; H, 10-1% The 3 : 6-dsacety erivative, prepared 
the foregoing with acetic anbydride—pyri temperature, 
needles, m. p. 142—144° (Found rol i, 9-0%), from ether- 
light petroleum. ™ 
5: 
triol (300 mg.) in acetone (15 ml.) an (25 mi.) were ma 
under reflux for 24 hours. After d benzene layer was 
removed and washed with dilute acid and water. The aqueous portion was extracted three times with 
chloroform (total 90 ml.), and the bulked benzene-chioroform extracts taken to dryness. The residue 
was dissolved in benzene-light petroleum and purified by chromatography. Elution with benzene 
( mg.), prisms t ), 
chloroform) (Found: C, 76-1; H, 94. O, 
needles, m. p. 146-—~147° (Found: C, 72 
ether—hght 
Acetylene (washed with concen sul 
gas, dried over potassium hydroxide and 
minutes, passage of acetylene — 
in dry benzene (25 ml.) was added, follow 
after a further 1? hours, and the ammonia was then allowed to evaporate off spontancously at room 
temperature, solid ammonium chloride being added to destroy any residual potassium The mixture 
89, O1. requires C, 75-3 
potassium (400 mg.) in dry fert.-amy! alee 


1188 Booth, Boyland, and Turner: The Reduction of 


cyanohydrin (100 mg.) in oxychloride (0-3 mi.) was heated in a 
sealed tube at 155° for | hour oy chromatogra) ent gee petroleum, 
6-dsacetony- 10-norandrosta-8(9)  16-dsene needies, m. p. 165° 
Found: N, 37 H,,O,N requires N, 35%), from ether-light or aqueous methanol. 
(6) The aisaemiel 0 mg.) in dry pyridine (1 mil.) was heated under reflux (oil-bath) with redistilled 
wal.) 5 minutes. The diene (20 mg.), purified as before, had m. p. 
66-167", not depressed on admixture with a by method (a). 
: 16-diene-3 6-diol, prepared by of the foregoing 
diacetate with boiling methanolic potash for 15 minutes, formed needies, 213° (Found, yon 
drying at 100°: C, 752; H, #4. requires C, 75-3; from chloroform—light 
roleum. 
mi) was treated with thalic acid (2-03 1-76 mols.) in ether (70 ml.) at room temperature 
Zdays. After the mixture been washed free from acid, the solvent was removed and the residue 
crystallised from acetone, giving be 38-0l-20-one (1-47 g., 70%), m. p. 184—186°. 
A further quantity (056 g., 28%; was obtained from the mother- -liquors. 
raised the m. p. to —190- m 167°) (Ehrenstein and Stevens, loc. cit., 
180-184" for the eoxide and m. p. 167.1 for the acetate}. Chromatographic 
secination of the residues failed to reveal the presence of any B-oxide 
— a-oxide (1-16 g.) with acetic anhydride 
pm - then boiled with ey acetic acid for 2 hours. The residue, by removal of the solvent 
im vacuo, was crystallised from aqueous methanol, giving 36 : 68-diacetoxyallepregnan-5ba-ol-20-one 
(1-17 g., 77%), m. p. 212-—214", raised to 217° by further purification 
The semicarbasone, prepared by boiling the triclone diacetate (30 mg.) with semicarbazide hydro- 
chloride (50 mg.) and sodium acetate (50 mg.) in alcohol for 2 hours, was dissolved in benzene and purihed 
by After elution with ether crystallisation from chloroform-—light 
it m 266° (Pound: N, 84. ott, requires N, 8-6%). 
68- .20-one.— (a) solution. 8 6B-diacetoxy p-Se-ol-20-one 
toluene-p-sulphonic acid (25 mg.) in acetic anhydride (1 ml.) was heated under reflux for 
5 minutes. As the uct failed to crystallise after chromatography, it was heated with hydrox 
amine hydrochloride (100 mg.) and sodiam acetate (100 mg.) in alcohol for 2} hours. Chromatography 
in benzene, followed by elution with benzene-ether and crystallisation from ether—hght petroleum, gave 
Sa : 6f-triacetoxyallopregnan-20-one oxime, needies, m. p. 248-—250" (Found: C, 662; H, 87. 
sH,,O,N requires C, 66-0; H, #4%). (6) The above oxime, 253-—255*, not depressed on 
ixture with a sample prepared by method (4), was obtained when dry hydrogen chloride was passed 
for | hour through: a solution of the triclone in acetic anhydride under reflux 
Pregn-4-ene-33 ~diol-20-one (V1).—A solution of 38 : 68-diacetoxyallopregnan-5a-ol-20-one 
(170 mg.) in dry ne (6-4 g.) was heated with freshly distilled thiony! chioride (0-5 m1.) for 25 minutes 
under reflux (oil-bath}. The product, after hydrolysis, roy ge in benzene, and elution with 
benzene-ether, yielded pregn-4-ene-38 68-diol-20-ome (20 198-—200° after crystallisation 
from ether—light petroleum (Found: C, 73-1; H, 97. afta ty requires C, 72-9; H, 0-8%). 
3. 6 pregn-8(9)-en-20-one 1).—A solution of 38 68-diacetoxyallo- 
nan-be-ol-20-one (120 mg.) im acetic anhydride (1 hydrogen te 
30 mg.) was heated on the water-bath for | hour. The product, in rene-light petroleum (1: 1; 
50 mi.) was passed over alumina, elution being carried out with benzene (25 mi. portions). The ah 
fraction thus obtained deposited, after being kept for severa! days, a small quantity of 3: 6-diacetory-5- 
methyl-10-norpregn-8(9)-en-20-one as large prams which, removed by hand, had m. p. 120° (Pound: 
C, 726; H, @1. CMy.O, requires C, 72:1 H, 87%). The semicarbazone was purified by 
chromatography in t. After crystallisation from ether- light petroleum it formed needles, m. p. 
213219 (Found: N,@1, C,,H,,O,N, requires N, 80%). The m. p. varied with the rate of heating. 
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grant. 
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244. The Reduction of 0-Quinones with Lithium Aluminium 
Hydride. 
By J. Boorn, E. Bovtann, and E. E. Turner. 


The o-quinones of naphthalene, anthracene, and phenanthrene are reduced by lithium 
aluminium hydride to give trans-dihydroxydihydro-derivatives, identical with the metabolites 
ye ed from the corresponding hydrocarbons in animals. The (+)-trans-9 ; 10-dihydroxy- 

10 “ee oe oe was partly resolved by crystallisation of the (—)-menthoxy- 
acetate. The 10-dihydroxy-9 10-dihydrophenanthrene, in contrast to the frans- 
derivative, formed an isopropylidene derivative. 


Wen aromatic hydrocarbons are injected into animals they are converted into glycols by 
addition of the elements of hydrogen peroxide to the 9 : 10-positions of phenanthrene (I) and 


| 


(1950) 0-Quinones with Lithium Aluminium Hydride. 1189 


to the | : 2-positions of naphthalene (II), anthracene (III), and phenanthrene (IV) (Booth and 
Boyland, Biochem. J., 1947, 41, xxix; co Rage Boyland and Wolf, ibid., 1948, 42, xxxii; 
1950, 46, in press; Young, ibid., 1947, 41, 417). The hydroxyl groups so obtained have the 
trans ti The chief evidence for the trens-configuration of the biologically produced 
9: 10-dihydroxy-9 : 10-dibydrophenanthrene was the fact that it differed from the cis-9 : 10- 


(1) (mt) aL) 


dihydroxy-9 : 10-dihydrophenanthrene prepared by oxidation of phenanthrene with osmium 
tetroxide, by Criegee, Marchand, and Wannowius (Annalen, 1942, 550, 99). The preparation of 
trans-9 : 10-dihydroxy-9: 10-dihydrophenanthrene by catalytic reduction of ph th 

was claimed by Skita (Ber., 1925, 58, 2685), but no physical description of the product was 
given and its acetate is described as melting at 184°, whereas the corresponding product now 
described melts at 174°. Attempts to repeat this catalytic reduction of phenanthraquinone 
were unsuccessful. 

The configuration of the hydroxyl groups of the phenanthrene derivatives is of interest as 
the trans-compound is oxidised more rapidly (&,, — 130) than the cis-compound (4, = 13°8) 
by lead tetra-acetate (Boyland and Wolf, Joc. cit.). This is unusual as the cis-glycols are generally 
oxidised more rapidly than the corresponding trans-isomers (Criegee, Kraft, and Rank, Annalen, 
1933, 507, 161). Another similar anomaly is the oxidation of the trans-9 : 10-dihydroxy-9 ; 10- 
dimethylphenanthrene which Criegee (personal communication) has found to react with lead 
tetra-acetate more rapidly than dose the corresponding cis-derivative. 

The reduction of ph to 9: 10-dihydroxyphenanthrene with lithium 
aluminium hydride has been described by Nystrom and Brown (/. Amer, Chem. Soc., 1948, 70, 
3738), but the present experiments show that the reduction yields only traces of this product, 
which is soluble in sodium hydroxide, and over 80% of trans-9 : 10-dihydroxy-0 : 10-dihydro- 
phenanthrene. The corresponding reduction of | : 2-naphthaq appears to give about 
equal amounts of alkali-soluble material which may be | : 2-dihydroxynaphthalene and 1 : 2- 
dibydroxy-1 : 2-dihydronaphthalene, but the reduction of o-benzoquinone under these con- 
ditions yields almost entirely pyrocatechol. 

Owing to the small amount of | : 2-anthraquinone obtained from anthraquinone-2-sulphonic 
acid by the synthesis described by Lagodzinski (Annalen, 1906, 342, 59, 67, 80), the 1 : 2-di- 
hydroxy-| : 2-dihydroanthracene was not isolated in a pure form. It was, however, character- 
ised as the diacetate. Experience with the metabolic diols had shown that acetates were 
more suitable derivatives for characterisation by melting point than the free alcohols. The 
amount of the diacetate obtained was not sufficient to allow the preparation of the 
dihydroxy-compound by hydrolysis. 

The configuration of the hydroxyl groups in the natural dihydroxydihydro-derivative of 
naphthalene (11) was shown to be frans- (Booth and Boyland Joc. cit., 1949) by converting it 
into the known frans-1 : 2-dihydroxy-1 2: 3: 4-tetrahydronaphthalene (V) previously prepared 
by Criegee (Annalen, 1930, 481, 263). This compound differs in many ways from the cis- 
compound described by Straus and Rohrbacher (Ber., 1021, 64, 40). The 1 : 2-dihydroxy- 
1 : 2-dihydronaphthalene obtained by reduction of | : 2-naphthaquinone was identical with the 
racemic form of | ; 2-dihydroxy-1 : 2-dihydronaphthalene isolated from the urine of rats and 
rabbits dosed with naphthalene. 

The synthetic frans-1 : 2-glycols from naphthalene, anthracene, and phenanthrene do not 
give the colour reaction with potassium triacetylosmate (Criegee, Marchand, and Wannowius, 
loc. cit.), which is given by the synthetic cis- : 10-dihydroxy-® : 10-dihydroph and 
other cis-glycols. The configuration of the hydroxy! groups of these phenanthrene derivatives 
is confirmed by the isolation of an O-isopropylidene derivative from the cis-compound which was 
not formed when the trans-compound was treated with acetone under the same conditions. 

The | : 2-dihydroxy-! : 2-dihydro-naphthalene and -anthracene are asymmetrical about the 
hydroxylated carbon atoms, so both the cis- and the frans-forms could be optically active. The 


H 
C H Oxi H 
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(+)- and the (—)-forms of the trans-compounds of naphthalene and anthracene have been 
isolated as metabolites. On the other hand, 9: 10-dibydroxy-9 : 10-dihydrophenanthrene is 
symmetrical about the 9: 10-carbon atoms and the cis-form is thus a meso-compound. The 
trans-form must be dissymmetrical and although the 9: 10-dihydroxy-9 : 10-dihydrophen- 
anthrene isolated as a phenanthrene metabolite was inactive, the synthetic compound has been 
investigation, is further evidence of the trans-configuration of this compound. 


EXPERIMENTAL. 


of 1: 2-Naphthaquinone. 2-N inone dried im vacuo over phosphoric ide, 
was placed in the thimble of Souhlet apparatus dried over sodium was placed is 
the of the apparatus with lithium aluminium hydnde (in amounts shown in the ) refluxed 


0-5 10 20 40 
10 1-80 1-62 198 
0-42 1-36 1-54 1-35 


uotil all uinone to 
mi tod (30 ml.) were added slow! 


ethereal layer was separated by centri ° 
combined ethereal extracts were extracted with 2n-sodium under reduced 
pressure. The residue which had an odour of naphthalene was crystallised from benzene and then from 
cyclohexane and then had m. Lt 103° [alone and mixed with (+)-1: “ale thalene 
C, 740; H, 62%). The alkaline extracts were acidified and extracted ether to yield a dark solution 


characterised. 
:2- _—~1 : 2-Anthraquinone (0-2 g from 9:10-an uinone- 
acid, was treated with lithium aluminium hydride Oey ether (50 ml., as eh 
The reaction mixture was treated with water (5 ml.) and 2,0s5) me acid. The ethereal la 
extracted with 2nx-sudium hydroxide and evapora yielding | : 2-dihbydroxy-! : 
.), m. p. 170° [the m. p 2-dihydroxy-1 2-dihydroanthracene isolated 
oft ts dosed with anthracene is 184°}. This product was acetylated in pyridine with acetic anhydride 
and yielded an acetate, m. p. 121° (alone and mixed with an authentic 
natural metabolite) (Found: C, 72-5; H, 55. C 
Reduction of 10-Phenanthraquinone.- 
oxide, was extracted for 3 hours in a Soxhlet 
taining lithium aluminiom hydride (1 g.). 
2~-sulphuric acid (40 mi.) were added. The ctheanaah layer and the ethereal extract of the aqueous layer 
were extracted with 2w-sodiam hydroxide, dried (NaOH), and po to dryness. The crude 
9: 10-dihydroxy-9 : 10-dihydrophenanthrene (3-35 g.) was isolated ised from benzene and 
dihydrophenanthrene| (Found 5-5. Cale. tor : C, 708; 57%). 
alkaline extract was ecidiaed with 5n-sulphuric acid ‘and extracted with ether. The extract 
gave 0-25 of crude material from which p 506-008" alone and mained with om 
authentic specimen) was molated 
Preparation of cis-9 >: 10- .—-Phenanthrene was 
oxidised with osmic acid threne (Criegee, Marchand, 
and Wannowius, loc. cit). This cis-derivative £ : ved in dry acetone sae (100 mil.) and 
shaken for 24 hours with ppévens copper oul sulphate was filtered off, and 
the unchanged dihydroxy-compound recove a (me (6) This cts-derivative (0-5 g. was 


which consisted of the unchanged eis-9 . 10-dihy = threne. Tne filtrate was 


evaporated to dryness, and the residue o ol con (v/ 
water. The isopropylidense derivati 


ve, fom 
plates, m. p. 61—62° (Found Cys 


Fatlure 10. Derivative — 


been cappereed Hospital from the British 
fm, the Jane Cota 


We thank Mr. D. 


Cusstan Bearry Restaecn Iwstrrere, Tax Rovat Cancer Hosprrat, Lonpon, $.W 
Beprorp (University or Lowpow). 1960.) 


} 
Yield of | dunydrox ydih ydronaphthalene 
$ The ethereal solution was cooled, and water 
y to decompose the excess of lithium aluminium 
dissolved in acetone (25 mi.; dred over potassium carbonate) containing concentrated hydrochioric 
acid (0-05 ml After being kept for 16 hours in a desiccator, the acetone and hydrochloric acid were 
This investigation 
Empire Cancer Campa 
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245. The Determination of Selenate, and the Preparation of Some 
Aluminium Selenates. 


By Hewry Basserr. 


determination of selenate by reduction to selenium with concentrated hydrochloric 
other methods which have been recommended. orma!l aluminium selenate has been 


ed and ‘shown to be sim 
880, 401440 has also been obtained. 
te alunites are formed under similar conditions to the 


Analysis of Selenates._-Many methods have been recommended for the determination of 
selenates, most of which we have examined. 

Barium selenate is considerably more soluble, and silver selenate is much less soluble, than the 
corresponding sulphate. Neither compound is sufficiently insoluble to be really suitable for 
the direct determination of selenate although it is possible, by precipitation and weighing as 
either of these compounds, to obtain results for selenate correct to about 1%. Solutions must 
not be too dilute, considerable excess of precipitant must be used, and the precipitates must be 
washed with the minimum amount of water (or acetone plus water) previously saturated with 
barium or silver selenate. 

The other methods for determining selenate involve reduction to selenium which is then 
weighed. Hydrazine sulphate has been used for this purpose (Schoeller and Powell, “ The 
Analysis of Minerals and Ores of the Rarer Elements,” 1940, p. 178) but we found reduction 
extremely slow and the method very unsatisfactory. The more usual methods involve reduction 
to selenium in two stages, by hydrochloric acid followed by sulphur dioxide. Reduction to 
selenious acid by concentrated hydrochloric acid is rapid on heating but involves danger of loss 
of volatile chlorides or oxychloride of selenium, To avoid this, Hillebrand and Lundell (“ Applied 
Inorganic Analysis,” 1929, p. 259; see also Mellor and Thompson, “ Quantitative Inorganic 
Analysis,” 2nd edn., 1938, p. 483) digest, at below 100°, a solution which is less than 6x. with 
respect to hydrogen chloride. Digestion is continued until liberation of chlorine can no longer 
be detected with starch-iodide paper. This takes six or more hours but results appear to be 
reliable. The obvious way to avoid both slowness of reduction and loss of volatile selenious 
compounds was to combine the two reduction stages by the use of concentrated hydrochloric 
acid previously saturated in the cold with sulphur dioxide, and we find this to be by far the simplest 
method for determining selenate. 


Our usual jure was to use 25 c.c. of 
or We.c. for 2 an Separation of red selenium began almost 
sulphur dioxide reacts at once with both products- 
ecipitation of selenium is very rapid. The mixture was usually left overnight at oe pee 
t two hours’ storage was found to be ample. It was then heated on the hot plate to drive off sulphur 
dioxide and much of the hydrochloric acid, and to convert the selenium into the grey form. Water was 
then added to make a volume of about S) c.c., which was tly boiled for some time to facilitate removal 
of soluble matter from the selenium. The latter was in a Gooch crucible, washed with water 
till free from chloride and then with alcohol, and dried at 100—-110° to constant weight. Ra oa 4 
method 


Aluminium Selenates.—An X-ray crystallographic study of the compound Al,O,.£80, 11H,0 
had shown that distinction between the aluminium and sulphur atoms in the crystal lattice was 


difficult. This was the origin of the work now described on some of the aluminium selenates. 
The heavy selenium atoms in the selenates are much easier to locate than the sulphur atoms in 


H,O are probably of the same types as the corresponding 
genera! relationships. 


acd 
the 
oo and found to have, im its usual bydrated form, the formula Ai,(Se0),),.16 . 
t is thus analogous to the sulphate with which it is isomorphous. The ei double 
nd 11H,O has been 
ordinary alunites and, like them, 
show « variable composition owing to the various types of replacement which can occur in the 
alunite lattice. 
ves essentially the same method for the separation and determination of selenate in presence of tellurate, 
Bat, curiously enough, for the determination of selenate in other, more ordinary, circumstances only . 
the unsatisfactory two-stage reduction processes are given. It should be strongly emphasized that the 
sulphates, with very similar molar 
By working on similar lines and with similar concentrations to those found to give good results 
with the sulphates there should be little difficulty in preparing most of the analogous selenates. 
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It is, however, unfortunate that basic selenate solutions cannot be prepared by the action of 
amalgamated aluminium on selenic acid because of the ease with which the latter is reduced. 

Al, (SeO,),,16H,O. Many selenates are well known. Berzelius (Pogg. Awn., 1834, 32, 11) 
seems to have been the first to prepare the aluminium compound and show that it was similar to 
the corresponding sulphate in its properties and reactions. The degree of hydration of both 
salts has been uncertain. Since the sulphate has only 16 molecules of water of crystallisation 
and not the 18 often ascribed to it (Bassett and Goodwin, /., 1949, 2245), it was probable that 
this would apply also to the selenate, which has therefore been prepared and examined. 


A solution of aluminium nitrate was precipitated at room temperature with a moderate excess of 
ammonia 


pera 
, and the hydroxide well washed with cold water. Selenic acid (H,SeO 613%) in small excess 
was added to the moist hydroxide, and the mixture d till most of the solid had ved 


. twas 
then filtered. The solubility and general rties of the aluminium selenate are very similar to those 
of the corresponding su te and, although it can be eeey eee in a pure condition, well-formed, 
large crystals are not ainable. The general ure i 


the crystalline compound from 
its solution is essentially the same as that used the sulphate. The solution is evaporates 62 a smal} 
bulk and allowed to crystallise. The crystals are well drained on the pump, washed with alcohol of 
increasing concentration, and air-dried. Additional amounts of the selenate can be recovered from the 
mother-liquor by slow addition of several volumes of alcohol. The crystals so obtained are similar in 
every ve an X-ray which shows that the two 
compounds are truly isomorphous (Found: Al,O,, 13-23; SeO,, 49-05 (Se, 30-51). aes 
requires Al,Oy, 1322, SeO, 49-41 (Se, 30-74)%. Calc. for Al,(SO,),18H,0: Al,O," 12-64. 
47-21 (Se, 24-98)%). it is evident that the selenate contains only 16H,© and not 18. 
(Compt. rend., 1049, 288, 1122) found, in the — Na,SeO,- at 20°, three solid 

Al(Se0.)p $2H,0, and As no analytical 

were given it is not possible to say whether the #2 in the Al,(SeO,),. 22H,0 isa misprint. This may 
be doulted since the same formula is given in connection with the — Na,SO,-Al,(SeO,),-H,O; 
) ) ss said to occur in the system Na,SeO, ly in the case of 

in 


Na, 5eO,, ae is any formation of mixed c not mixed sulphate-selenate solutions, 
and the tsot of the system Al,(SO,),-Ai,(SeO,),-H,O is said to consist of two curves corr i 
to the two hydrated aluminium salts (presumably Al,(SO,),.18H,O and Al,(SeO,),,22H,O}. This seems 
remarkable in view of the undoubted isomorphism of Al,(SO,),,.16H,O and Al,'ScO,),16H,O which are 


the compounds we have obtained at room temperature from pure sulphate or selenate solutions. 
Alumi tsopropoxide is now obt ble « cially as a very pure product and is convenient for 


ing al lenate. The selenic acid available contained SeO,, 35-93%, and the aluminium 
Topcepentte contained Al,O,, 25%. ntities of the two reagents were taken calculated to give a smal! 
excess of selenic acid mixing, at once, there was a moderate evolution of heat. An equal 


volume of water was then added, and the mixture boiled gently until all but a small amount of white 
floceulent solid had dissolved. This was removed by filtration. An almost theoretical yield of the 
aluminium selenate was obt d by evaporation and crystallisation of the solution, followed by treat- 
meat of the mother-liquor with several volumes of alcohol. A preparation obtained by this method 
contained Al,O, 13-25; SeO,, 49-49 (Se, 7% It is very important when preparing Al,(SeO,),,16H,O 
to make sure that there is a smal! excess of selenic acid, for otherwise the first crystals to separate cx 

of the basic salt A nape re The of this salt are easily distinguished from the small, 


usually six-sided, of do 16H,O, but uniess the early stages of the crystallisation are seen 
they can be easily missed. 


The conditions under which Al,O,,2SeO,,11H,O 
could separate as a stable solid phase were unknown but would be very restricted to judge from 
the 25° isothermal of the system Al,O,-SO,-H,O. A solution containing Al,O,, 7°6; SO,. 
17% woulkd be in equilibrium with Al,O,.2S0,,11H,0, and the equivalent selenate solution might 
be expected to be in equilibrium with Al,O,,25e0,,11H,0O. 


tion, 60 g. of the above-mentioned selenate solution and 2 g. of Al,O, 25e0,,11H,0. 

2-25 G. of aluminium were dissolved by heating in 112 c.c. of 2-G5x-hydrochloric acid. This solution 
was then made to react with 41-27 g. of silver selenate (the theoretical amount). Interaction is slow and 
difficult owing to the very small solubility of the silver salt (1-182 f /l. of water at 20°; Lenher and 
Kao, |. Amer. Chem. Soe., 1025, 47, 1621). 10 G. at a time of the silver selenate, contained in a Gooch 
crucible, were nded just beneath the reflux tube attached to the flask in which the aluminium chloride 
solution was gently boiled. In this way the silver selenate was slowly dissolved and made to react with 
the chloride solution. It took 50-60 hoers for each 10 g. of silver selenate toreact. Boiling was stopped 
every evening, and the silver chloride which had separated from the mixture in the was filtered 
off every morning before ing was restarted. Even then much bumping occurred at times, so that a 
considerable amount of silver chloride formed inside the Gooch crucible. When all the silver selenate 


41-27 g. of silver selenate had been made to react, the filtered solution was evaporated down till it 
hed 45 g.. and then shaken at 25° in @ thermostat. 


2g.) (Pound : 4 . 18-41; 
anes 28-57). cents just like those of the 


a 
4 
q 
seemed to have dissolwed, the residual materia! in the crucible was tipped into the solution and digested 
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The equilibrium solution from which the selenate had geen ge 20-66 
Aly = 207, whereas the SO,/Al,O, ratio 


* ranges from 2-69 to 2-06 ( ah ott., 

h or aluminum a Owing to the short of solutions with which this compound 
can be in equilibrium, it is advisable to collect the which te in two or three fractions. 
Even when the Ge ave tins Be is abwnys the ce 
wil Begin to weparate cat if evaporation and is allowed to 
too far, and if the initial mixture was rather too basic the first crystals to ae See Se 
more basic salt—-which our observations suggest is almost certainly 5A1,0, 6SeO, sH,0 
the corresponding ae ae It is essential in order to guard against this possibility t 
23e0,, 11,0 and SAL,O, 6Se0, at the ture of crystallisation. This value is unkoowa 
for the selenates but may be taken to be about 2-7 at pepe with the 


onding sul 
ratio for the solution in equilitriom wih both ALO, 
O can be taken to be about 2-9 This means in practice that a solution prepared 80 as to 
,/ Al,O, ratio of 2-7 should be able to yield on crystallisation at 25° a vrximately 3 
ae ound, for from and selenic acid 


for a preparation from aluminium 
18-37; SeO,, 28-71) %). 


5A1,0,,65e0,40H,O. The first crop of crystals obtained during one preparation 

of Al,O,,2Se0,,11H,O from aluminium hydroxide and selenic acid gave figures on analysis 

which indicated a mixture in roughly equal proportions of Al,O,25e0,11H,O and 

3-46 G. of the mixture were stirred with 25 c.c. of approximately 2% selenic acid for a short time, 

crystals after air-drying weighed 0-842 g. and Dg ny of aggregates of minute prisms 


extinction in some tions and looking very of 
25-54; SeO,, 30-17 24-36), requires 


= of ot very similar 
analogous basic sulphate (see 
$380). 


Selenate Analogues of the Alumites.—Selenate alunites can be formed under similar conditions 
to those which lead to the formation of the sulphate alunites. We have only prepared the 
sodium salt, but it is evident that isomorphous mixtures are formed as in the case of the ordinary 
alunites (Bassett and Goodwin, Joc, cit., p. 2255), so the composition may differ considerably 
from that required by the conventional formula M’[Al,(OH),){SeO,),. 


eee ee ide solution was added gradually to some aluminium selenate moth tain 
acid was stirred in to make it acid. The mixture—about 35 
ons 0 with occasional stirring at 70-—90°. 
fine for any crystalline form or double refraction to be detected u the microscope. 
the well washed with cold water, and air-dried to constant 
pe gt 1-7 g. The mother-liquor had a pH of about 1. For the solid was dissolved (fairly 
y) by digestion with the minimum amount of concentrated uric acid diluted with an equal 
volume of water (Found : Na,O, 6-06; yoy bet SeO,, 52-36; ores 12-26%). This com- 
mixture of alunites shown 


ALO, % % % 


2-79 0-89 536 
liseo 6.05 12-61 100-35 


Na,SeO,,Al,(SeO,),,22H,O [<= NaAl(SeO,),,11H,O}. According to Meyer and Speich (Z. 
a@norg. Chem., 1921, 118, 14), Al,(SeO,),, 18H,O [i.2., Al,(SeO,),,16H,O) can be obtained by double 
decomposition between aluminium chloride and sodium selenate in presence of much acetic acid. 
We were unable to get this result by following the method as closely as possible but obtained the 
double salt Na,SeO, eer: ey in 90% yield, calculated on the sodium selenate used. 

have separated rapidly from solution tend to form somewhat elongated 
crystals look very like the thin plates of 


+ ALO, 1681; 


doubly refracting. Either two opposite angles of the plates or all four of them are often trunc- 


was! 
Bassett and Goodwin, loc. cit., pp. 2248, 
Al,(SeO,),,16H,O but are considerably thicker. On slow crystallisation from aqueous solution, 
stout, almost square crystals separate which have a high refractive index and are strongly 
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ated. The six-sided plates and the almost square crystals have the same composition (Found, 
after air-drying and alcohol washing: Na,O, 5°86; Al,O,, 957; SeO,, 47°46 3 29°52). 
NaAl(SeO,),,11H,O requires Na,O, 581; Al,O, 955; SeO,, 47°57 (Se, 20°59)%). Meyer 
and Speich's identification of the compound as Al,(SeO,),,1SH,O depended unl “upon an 
aluminium determination on vacuum-<dried material. On further evaporation, isotropic 
crystals of sodium chloride eventually separate from the mother-liquor of the double selenate. 
The crystallographic characteristics of the double selenate are similar to those given by Soret 
(Arch. Sei. Gendve, 1884, 11, 62; 1885, 18, 9) for the corresponding double sulphate, viz., 
Na,SO, Al, (SO,),.23H,0, but Surgunoff (Bull. Acad. St. Petersburg, 1909, 3, 1057) showed that 
only 22H,O were present. We obtained this compound several years ago but in the meantime 
its preparation by direct combination of sodium and aluminium selenates has been described 
by Collet (Joc. cit.) but without supporting analysis. 


We thank Dr. W. Cule Davies for the of 1 from aluminium 
specimen of Al,(SeO,),,16H,O prepared 
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246. Studies on Hydrogen Cyanide. Part XVIII. Some Physical 
Properties of Anhydrous Hydrogen Cyanide. 
By J. E. Coates and R. H. Davies. 
in the range to The resale obtained chow woe 
significant differences {rom values in the literature. The variation of these properties with 


temperature ts expressed by equations and is discussed in relation to the linear association of 
hydrogen cyanide molecules due to hydrogen-bonding. 


In studies involving anhydrous hydrogen cyanide as a solvent, the need arose for accurate 
data for its physical properties, extending over the complete temperature range from the 
freezing point to the boiling point (f. p. —13°24°; b. p. 25°7°; Giauque and Ruehrwein, 
J. Amer, Chem. Soc., 1939, 61, 2626). Dielectric constants for this temperature range have 
already been reported (Coates and Coates, /., 1944, 77), and Giauque and Ruehrwein (loc, cit.) 
have recorded accurate heat capacity, vapour pressure, and related thermodynamic constants. 
A survey of the literature regarding the density, viscosity, and surface tension of the liquid 
showed that where independent measurements had been made on these properties the results 
of the different investigators were discordant and appeared unreliable when compared with 
some unpublished values obtained in this laboratory. 

Numerous measurements have been made of the density of hydrogen cyanide. The work 
of Gay-Lussac (Ann. Chim. Phys., TT, 128) and of Bleekrode (Jahresber. Chem., 1884, 284) is of 
historical interest only. The more recent measurements made by Meyer and Hopff (Ber., 
1921, 54, 1700), Tromp (Ree, Trav. chim., 1922, 41, 278), Walker and Marvin (/nd. Eng. Chem., 
1926, 18, 139), and Shirado (J. Chem. Soc. Japan, 1927, 48, 280; Bull. Chem. Soc. Japan, 1927, 
2, 122) are either in a narrow temperature range or of low accuracy in view of the questionable 
purity of the liquid employed. Fredenhagen and Dahmlos (Z. anorg. Chem., 1929, 179, 77) 
claim an accuracy of only 1 : 700 for their values which cover the range — 13° to 20°. The most 
reliable and extensive results hitherto published appear to be those of Sinosaki and Hara (Tech, 
Repts. Téhohu Univ., 1929, 8, 297). The density of the liquid at one temperature has also been 
recorded by Coates and Hartshorne (/., 1931, 657), Lowry and Henderson (Proc. Roy. Soc., 
1932, 4, 136, 471), and Coates and Taylor (/., 1936, 1245). 

The only published results for the viscosity of hydrogen cyanide are those of Fredenhagen 
and Dahmilos (Joc, cit.) for the temperature range — 13° to 20° and the value of 0001986 c.g.s. 
unit at 18° reported by Coates and Taylor (loc. cit.). 

The only values available for the surface tension of the liquid are derived from the “ few 
orienting measurements " by Bredig and Teichmann (Z. Elehtrochem., 1925, 31, 449). 

The availability of highly purified hydrogen cyanide made it desirable to re-determine these 
properties, the temperature variation of which is of interest in view of the linear polymerization 
of the hydrogen cyanide molecule attributed to hydrogen-bonding (Kumler, /. Amer. Chem. Soc., 
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1935, 57, 600; Pauling, “ The Nature of the Chemical Bond,” 2nd Edn., 1940, p. 204). 
knowledge gained from these properties regarding the “ structure” of the liquid is also of 
value in the treatment of ionic solvation in this solvent. 


A few density measurements were also 


mixture. 
Ay arm 12 cm. long and 1-7 
diameter, provided with a ground t which accurately fitted a 
well as the joint on the neck of the flask B. Thew a the capillary 
into a bulb of about 5-ml. capacity to the of 


The capillary was uated in mm. over a of 2cm. Filling of the dilato- 
meter was effected by a simple procedure which been adopted for some years in 
this laboratory and proved to be very convenient for measurements on volatile and 


the liquid when in mm. over «length of? cn. iling ofthe dato 


pping 
B into the dilatometer causes the displaced air to be forced up 
capillary tube. The filling was always carried out at a tem ture 
which was a few degrees below that at which measurements were to be m The 
method is also very convenient for measurements on volatile solutions since 
= pooien Sees eve are minimized. The dilatometer may be emptied by reversing 
above 
The di tometer was calibrated at 26° with freahly-boiled conductivity water 
Amer. Arts Sei., 1941, 7a sti) tor the jent of expansion of silica glass were 
employed. The calibrations were reproducible to 0-0003 m). This uncertainty 
would not affect the fifth significant ot ee a limit to the degree of 
oma fixed by the extent to the t ement was absolutely known, viz. 
filling the dilatometer, otherwise troublesome bubbles of air were produced All weighings were 
reduced to vacuum, and the densities calculated as described by Reilly and Rae (" Physico-Chem 
Methods,"’ 1940, Vol. 1, p. 496), the density of silica glass being taken as 2:2 (Internat. Crit. Tables, 
1927, Vol. Il, p. 82) No allowance was made for the hydrogen cyanide va rin the space above the 
liquid since its density and that of air are approximately equal. The values were reproducible 
0-00002 


to 

Viscosity Messuremonts.— These messurements were made ia an Ostwald viscometer, constructed is 
Pyrex glass and adapted for use with volatile liquids as well as designed to conform with recent 
recommendations on viscometry. The essentia] dimensions of the viscometer were: volume of efflux, 
5-146 ml.; loading volume, approx, § ml.; length of capi jo ele: radius of capillary, 
0-01571 + 0-00003 cm. ; average hydrostatic head, approx cm. ; radii of upper and lower bulbs, 
than 1% of the viscosity 

are negligible (jones and Staufler, J. Amer. Chem. Soc., 1937, 1630; Jones and Ferrel, 1039. 
325). By incorporating features of design ree recommended by Jones and Fornwalt (/. Amer Chem. Soc.. 
1938, 1684) and Cannon and Fenske (Jud. E . Chem. Anal., 1938, 10, 297), tension eflects 
were reduced toa minimum. Barr (Proc. Phys. , 1066, 68, 575) has recently emphasioed the 

tension error in viscometry but it was estimated by comparison with the instrument of Jones and 


EXPERIMENTAL. 

Purification of Liguids.—Hydrogen cyanide. The starting material supplied by Messrs. Imperial 

aylor (loc. cit.), with use of am improved all-Pyrex glass tractionating apparatus. specific 
conductance at 18° was less than 1-5 x 10° mho and the Pi —13-25" 4. 0-01". 

Water. “ Conductivity water of specific conductance x 10°* mho at y 
one An.” Analalt "specimen was parihed by the method of Linton (J Amer, Chem. = 

Lp. 

Ethyl ether. Ether of & good grade was stored over faked sodium hydroxide for « week, with 
the sodium as required and the middie fraction within 0-02° collected (b. p. 

34-5" /756 ©-7192,). 

The weights and thermometers employed were compared with N.P.L. certified * 

Temperature Control —The thermostat consisted of an unsilvered Dewar vessel s 
of about 5-1 capacity. The temperature was controlled by means of an electronic ‘ 
relay in conjunction with a sensitive mercury—toluene camer. For temperatures 
down to 5°, cooling was effected by the flow of ice-chilled water through a copper 
cou imme’ 

small Ni 
made in a Dewer veas containing either finely crushed ike oF & potassium 
i) 
hygroscopic liquids. A loose-fitting capillary tube inserted in the dilatometer b 
reached to the bottom of the neck and nearly to the top of the filling vessel when 
the latter was in the filling position as shown in the figure. A slight kink im the 
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more than 0-03 

Measurements on b cyanide were found to be more conveniently made by introducing known 
weights of the liquid into viscometer (cf. Jones and Fornwalt, loc. cit.), so that the loading volume 
was not always the same. Further the large coefficient of expansion of the liquid leads to an appreciable 
variation in the working volume with temperature. The instrument was therefore calibrated by 
making observations with different volames of water (approx. 7-8 ml.) which included the range of 
work volumes experienced with hydrogen cyanide at the different temperatures. The observed 
times of flow for water at varying t nabled the from 0° to 70°, and the viscosity data for water (Internat. 
the constants 4, B, C in the following equation to be evaluated 
(Barr, “ A Monograph * 1930, p. 127): 

(A — Bejdt — Cajt 

where » is the viscosity, » the loading volume, ¢ the time of efflux, d the density of the . Calculation 
showed that in the temperateare range involved in this work there was negligible variation in the 
dimensions of the viscometer. 

In introducing the hydrogen cyanide ito the viscometer, atrnospheric contamination of the —_ 
was avoided by distilling the liquid from a small weight-pipette into the evacuated viscometer cooled 
to about — 13° by solid carbon dioxide-alcohol. By means of a small pressure bulb attached to one 
limb of the viscometer, the liquid could be foreed up into the efflux bulb without opening the viscometer 
to the atmosphere. In computing the volame of liquid in the viscometer from the weight of b 
cyanide added. a small correction was made for the weight of hydrogen cyanide present as vapour. 
correction could be made with sufficient accuracy by means of a relation derived from the data of 
Sinosaki and Hara (lee. cit.) and the va ¢ pressure values of Giauque and Rechrwein (loc. cit.) 

Times of flow were observed with a Venner stopwatch reading to 0-1 second. For most temperatures 
five determinations were made on different samples. As a check on the procedure and calibration 
of the viscometer, @ measurement was made on ethyl ether, a liquid of comparable viscosity and 
volatilit The observed value of 0-002474 c.g.s. unit at 15° is in good agreement with that of 0-00247 
saperted by Timmermans and Martin (/. Chim. physique, 1928, 25, 411). 

Surface Tension Measurements.—These were made for the whole temperature range by the maximum 
bubble pressure method, and also for temperatures above 10° by the capillary rise method. 

The Pyrex-glass capillarimeter employed was of the type recommended Richards and Coombes 
(J. Amer. Chem. Soe., 1015, $7, 1656). The capillary consisted of a “ Veridia”’ brand precision-bore 
tube. The uniformity of the tebe was checked by measurements on the length of a mercury thread at 
different parts along the tube and its radius calculated by two independent methods, (a) from the we: 
of a thread of mercury of known length, and (5) from the capillary rise for benzene, the surface 
of which was taken as 28-88 dynes/om. at 20° (Internat. Crit. Tables, 1928, Vol. IV, p. 454). The values 
so obtained were 0-618512 and 0-018529 cm. respectively. The latter value was a ed as the more 
reliable. The capillary rise was measured by means of a travelling microscope ing to 0-061 cm. 
The method of iuminating and observing the meniscus was similar to that described by Richards and 
Coombes (loc. cit.). A few readings were made later in a capillarimeter after the design of Jasper and 
Herrington (/. Amer. Chem. Soc., 1946, 68, 2142). This apparatus was found to be more convenient 
for measuring the capillary rise and confirmed the results previously obtained. The surface tension was 
calculated by means of the ae relation (Harkins, “ Physical Methods of Organic 
Interscience Publishers, Vol. 1, p. 100): 
— DA + 1/3) 


where y is the surface tension (dynes /em.), ¢ the radius of the fem.), 

(981-2 cm. /sec."), A the capillary rise (cm.), D and d the y of he liquid and vapour phase 
respective! 

The bubble. was similar to that described by Quayle and Smart (/. Amer. Chem. 
Soc., 1944, 66, 037), the wider tube having an internal radius of 155, cm. The precautions listed 
Harkins (Joc. ett.) were observed. The bubbles were formed connecting the apparatus to a com 

air cylinder provided with a fine-adjustment needle valve. Ethy! alcohol tinted with a little magenta 
was employed as the manometric hquid. The manometer was immersed in a thermostat maintained 
at 25° to avoid @uctuations in room temperature influencing the manometric head. The manometric 
head could be observed to +02 mm. on a glass scale, and from the previously determined density of the 
liquid the pressure could be calculated in absolute units. The apparatus was calibrated at 10°, 18°, 
and 26° with benzene as standard liquid, and the constant calculated as described by Sugden (“ The 
Parachor and Valency,” Routledge, London, 1930, a Confirmation of the calibration and 
procedure was obtamed from measurements on etlry! et uid comparable in volatility and surface 
tension with hydrogen cyanide. The values of 1654 and. dynes cm. at 25° and 20° 
agreed well with published data, vss., a 51 and 17-06 dynes/cm. (" Ann. Tables of Physical Constants, 
Timmermans, 1941, sect. 700(C), ps ; ef. Vogel, J., 1948, 619). 

The results obtained with independent samples of hydrogen cyanide were reproducible to 0-3%, 
this being the extent of agreement between the values obtained by the two methods in the temperature 
range where the measurements overlapped. No measurements were made on the influence of small 
amounts of water on the values obtained by the bubble pressure method, but it was observed by the 
capillary-rise method that the addition of 0-5% of water increased the surface-tension values of hydrogen 
cyanide by about 1%. All precautions were therefore taken im the course of manipulations to prevent 

hqaid from being contaminated by traces of motsture 


Resuits.—The values obtained for the density, viscosity and surfece tension are given = Table I. 
Values obtained at intermediate temperatures have been — but have been em 
the equations which express the variation of these — —— ee caeas at 
the have evaluated and hated 
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The values obtained for the density of hydrogen cyanide are claimed to be correct to better 
than 3 parts in 10*, this limit to the accuracy being determined mainly by the precision to which 
the temperature was absolutely known. Barr (/., 1924, 1043) states that it is doubtful whether 
an accuracy better than | in 10* for the density of a volatile liquid can be obtained by the 

ic method. The result at 18° confirms the values previously reported from this 
(Joc. ctt.). The following equation reproduces the density of the liquid to better 
than 5 in the fifth decimal place over the complete range of temperature : 


— 14457 x 10% x 10°F + 16 1, 


As indicated earlier, of the published data, those of Sinosaki and Hara are in best agreement 
with present values. The divergence between their values and present values is more marked 
at the lower temperatures. Thus their result at 25° is identical with that obtained in this work, 
whereas at 0° their valve is 1 part in 3,500 higher. Below 0° the results of Fredenhagen and 
Dahmilos (loc. cit.) are subject to an error much greater than the 1! in 700 which they claim. 

The viscosity results are claimed to be correct to within 01% (relative to the absolute 
values for water) and are lower than any values previously recorded, being approximately 5% 
lower than the results of Fredenhagen and Dahmlos (lec. cif.). The value of 0001986 poise at 
18° reported by Coates and Taylor (loc. cit.) is about 1°56% higher than that obtained at the 
same temperature in the present work, The measurements of Coates and Taylor were carried 
out with a liquid of high purity and a quartz viscometer of the Washburn and Williams type 
(J. Amer. Chem. Soc., 1913, 35, 737). Following the recommendations of the latter workers, 
no kinetic energy correction was applied to the result. This neglect of the kinetic energy 
correction is questionable, even for measurements with water, and is certainly unjustifiable in 
measurements on a liquid such as hydrogen cyanide of viscosity only a fifth that of water, 
especially when the latter is used as the calibrating liquid. The need for applying this 
correction to the result of Coates and Taylor is indicated by the fact that if a viscometer involving 
a longer time of flow is employed, thereby reducing the magnitude of the correction, the 
observed viscosity is less than that reported by these workers. The design of the viscometer 
employed in the present work enabled the kinetic energy correction to be reduced to a minimum 
and the method of calibration eliminated any uncertainty regarding its magnitude. The 
discrepancy of 1-5% between the value at 18° reported by Coates and Taylor and that recorded 
in this work may be attributed almost entirely to the kinetic-energy term. 

The viscosity of a liquid depends on the shape and size of the molecules as well as the strength 
of the forces between them. The magnitudes of the physical properties of hydrogen cyanide 


Friend (Chem. and Ind., 1944, 179) 
and Kendal! (ibid, p. 211) have both drawn attention to the close connection between viscosity 
and hydrogen-bonding, the viscosity of liquids involving such bonds being abnormally high, 
since energy is required to break these bonds in addition to overcoming any dipolar and van der 
Waals forces. It is therefore of interest to compare the viscosity of hydrogen cyanide with 
that of hydrogen fluoride which is similarly associated. Simon and Dresdner (J. Amer. Chem. 
Soc., 1944, 66, 1070) found that at 0° the viscosity of hydrogen fluoride was 000256, which 
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Taate I. 
y, dynes/ Temp, / 7, dynes/ 
paises. cm. (Pj (Ce). mi. om. 
200 67972 17-78 sis 500 0-70883 20-02 
22-00 188-5 is i2 000 20-62 
20-00 068705 16-33 072341 21-20 
18-00 0-69001 195-5 18-56 ~10-00 21-78 80-0 
1500 18-89 13-30 073521 22-16 
10-000 2114 19-45 
Discussion, 
such as the boiling point, dielectric constant, etc., are very much higher than would be expected — 
of a substance of similar molecular dimensions, ¢.¢., hydrogen chloride. These differences 
have been attributed to the association of the hydrogen cyanide molecule into linear polymers , 
compares with the value of 0002355 for hydrogen cyanide at the same temperature. Thus the 
viscosities of the two liquids, like certain other physical properties such as boiling point, 
dielectric constant, molar heat of vaporisation, etc., present a close parallelism, Some 
differences are to be expected since the hydrogen bonds in hydrogen fluoride are stronger 
than those in hydrogen cyanide (Pauling, op. cit., p. 333) while the bydrogeri, fluoride chains 
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are zig-zag shaped (Bauer, Beach, and Simons, J]. Amer. Chem. Soc., 1939, 61, 19) as compared 
with the linear hydrogen cyanide chains. 

Since an exponential equation of the form 4 = Ac®/"? is known to represent with fair 
accuracy the variation of viscosity with temperature for most liquids and has further been 
shown to have a theoretical basis (¢.g., Andrade, Phil. Mag., 1934, 17, 497, 698; Ward, Trans. 
Faraday Soc., 1937, 383, 88; Eyring ef al., ]. Chem. Physics, 1936, 4, 283; 1937, 5, 726), it was 
applied to the present results. A and Ey. were evaluated by the method of least squares, 
and the equation 

log (367-027/7) — 303616" 


was found to reproduce the results to better than 0°3%. The value of 1637 cals. for Eye, 
the energy of activation for viscous flow, compares with that for hydrogen fluoride in the same 
temperature range (viz., 1690 cals.) and is less than half that for other hydrogen-bonded liquids. 
Thus the structure of the liquid does not undergo appreciable break-down before flow can occur. 
The slope of the plot of log 4 against 1/T is slightly greater at lower than at higher temperatures 
indicating that Ey... is not quite independent of temperature. On the views of Ward (loc. cit.) 
this smal! variation of Ey. with temperature, amounting to about 3% for the normal liquid 
range, implies little change of co-ordination in the liquid state with temperature. 

Since in the aliphatic cyanide series hydrogen cyanide is unique in displaying association 
due to hydrogen-bonding, it is of interest to compare the respective values of A and Ey. for 
some of the lower members of the cyanide series. Values of 1/A and Ey. for a number of 
such cyanides have been derived from the viscosity data given by Friend and Hargreaves 
(Phil. Mag., 1944, 35, 619) and are included in Table II for comparison with the corresponding 
values obtained for hydrogen cyanide in the present work. 


Taste 
6040 7130 6960 7590 
1-8 1-89 218 2-30 2-50 


Barrer (Trans. Faraday Soc., 1943, 39, 48) has drawn attention to relationships involving 


Eve, 2nd 1/4 in homologous series of compounds. The plot of E,,.. against chain length is 
linear for the six cyanides in Table II. The increment in £,,. over that for hydrocarbons due 
to the introduction of the —CN group is comparable with that for the —CO,R group. Thus 
the value of Eve, for hydrogen cyanide appears to fit regularly in the cyanide series. On the 
other hand the value of 1/4 for this liquid is seen to be abnormally high. The transition- 
state method (Glasstone, Laidler, and Eyring, “ The Theory of Rate Processes,” Chap. 9) 
interprets the factor 4 in the Arrhenius equation in terms of AS, the entropy of activation for 
viscous flow, vir. : 
A = 4498. 


where V is the molar volume. The values of AS calculated for the first four members of the 
cyanide series are 0°28, 1°73, 2°29, and 2°48 cals. /mole. /deg. respectively. There is thus a more 
marked difference in AS between the first two members than between higher members so that 
the value of 1/A for hydrogen cyanide is high. The treatment proposed by Barrer (loc.. cit.) 
provides a physical picture of the origin of these entropy changes. On Barrer’s views AS is 
regarded as made up of two parts, (4) a positive component which is a function of Ey... and 
arises from the loosening of the liquid structure before flow can occur, and (6) a negative 
component arising from the need for synchronization or co-operation between inter- 
rotations or vibrations before flow can occur. In the case of hydrogen cyanide the two terms 
make approximately equal contributions whereas for the other cyanides the entropy of 
co-operation term is the greater. The fact that AS is nearly zero for hydrogen cyanide implies 
that the flowing molecule is substantially the same as the normal molecule and is in accord 
with the simple linear structure. This is in contrast to hydroxylic liquids which exhibit 
large positive AS values. 

The temperature dependence of surface tension is reproduced to within 0°1% by the 
following equation : 

~ 20-62 — + 7 x 


Present values are 23%, higher than those reported by Bredig and Teichmann (loc. ci#.). The 
parachor shows an increase with temperature amounting to about 2°5% for the liquid range. 
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No special significance may be attached to this since the parachor values derived by Jeflery 
and Vogel (J., 1948, 682) for the other cyanides also display some increase with temperature. 
The revised parachor proposed by Ferguson and Kennedy (Trans. Faraday Soc., 1036, 38, 
1474; cf. Telang, J. Amer. Chem. Soc., 1949, 71, 1898) is, however, independent of temperature. 
As with hydrogen fluoride the ratio of molecular surface energy of hydrogen cyanide to that of 
water is less than the ratio of their molar latent heat of vaporisation. As Bauer, Beach, and 
Simons (loc. est.) suggest for hydrogen fluoride it is possible that, the hydrogen cyanide polymers 
being linear, the transporting of an associated molecule from the body of the liquid to the 
surface involves no breaking of the hydrogen bonds. In the case of water on the other hand, 
owing to its three-dimensiona! structure, some hydrogen bonds must break in order to allow 
the molecules to orientate themselves in positions on the surface so as to give a minimum surface 
energy. It is of interest to note that although many of the physical properties of hydrogen 
fluoride are comparable in magnitude with those of hydrogen cyanide, the surface tension of 
the former is only a half of that of hydrogen cyanide at the same temperature. Thus the 
surface tension of hydrogen fluoride at —82° observed by Simons and Bouknight (/. Amer. 
Chem. Soc., 1932, 54, 129) is approximately that of hydrogen cyanide at 25°. There appears 
to be no satisfactory explanation of the abnormally low surface tension of hydrogen fluoride. 
Grunberg and Nissan (Trans. Faraday Soc., 1949, 46, 125) have recently discussed the 


and cohesion, the latter being defined as twice the molar surface energy. 

quantities showed that on the arguments presented by these authors the aliphatic cyanides are 
associated but that the hydrogen cyanide aggregates are somewhat more stabie than those of 
the other lower cyanides. This agrees with the added hydrogen-bonding nature of the 
association in the case of hydrogen cyanide in contrast to the dipolar association of the other 
cyanides. 
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247. The Structure of Sterculia setigera Gum. Part 11. An Investig- 
ation by the Method of Paper Partition Chromatography of the Products 
of Hydrolysis of the Methylated Gum. 

By L. Hoven and J. K. N. Jongs. 

In Part I (Hirst, Hough, and Jones, /., 1949, 3145), it was shown that Sterculia sefigera gum 

contains the following sugars in the approximate proportions indicated : p-galactose (5 parts), 

p-tagatose (1 part), t-rhamnose (5 parts), and p-galacturonic acid (8 parts), with traces of two 
other sugars, possibly rhamnoketose and xylose. Partial hydrolysis of the gum gave a mixture 
of reducing sugars and a degraded material which contained the uronic acid. Methylation of 


mixture of disacchandes containing an aldobiuronic acid designated 2- ronosido-t- 


which yl 
2:3: 6-dimethy! galactose 0-71), methyl rhamnose 0°67), 6-dimethy! 
(Ry, 044), and rhamnose (Ry, 0°30). Methylated tagatose derivatives (see Part I) were looked 


structure of liquids as deduced from relations between their energies of vaporisation, viscosity, 

al: 2-oral: 3-linkage, and a small quantity of another aldobiuronic acid, 4-p-galactopyrurono- 
sido-p-galactose. Further information concerning the mode of linkage of the various component 

sugars in Sterculia setigera gum has now been obtained from an examination of the products of 

hydrolysis of the fully methylated polysaccharide. The methylated gum, which was substantially 

fractionation, gave on hydrolysis a complex mixture of sugar derivatives. After separation of 

the methylated uronic acids, the neutral methylated reducing sugars were examined by paper 

i chromatography. The chromatogram showed five spots, the rate of movement of 


1200 Hough and Jones : 


for but they were not detected after removal of the aldose derivatives by oxidation with bromine 
water and subsequent treatment with Amberlite resin IR-4B to eliminate aldonic acids. It 
appears, therefore, that the tagatose residues were destroyed during the methanolysis of the 
methyl derivative. The mixture of methylated sugars was separated into four components by 
partition chromatography on a column of cellulose by using light petroleum—butanol as the 
mobile phase (Hough, Jones, and Wadman, /., 1949, 2511). The percentage yields of the 
fractions calculated from the weight of material introduced into the column are shown in the 


Fraction I. This fraction contained tetramethyl galactose (60%) and dimethyl rhamnose 
(40%). 2:3: 4: 6-Tetramethyl p-galactose was identified as its well-characterised crystalline 
anilide. This mixture of methylated reducing sugars could not be resolved into its constituents 
by fractional distillation, and attempts to separate the anilides by fractional crystallisation were 
equally unsuccessful. An estimate of the amount of sodium periodate consumed by the distilled 
material indicated that the fraction contained approximately 24% of dimethyl rhamnose in 
which two adjacent hydroxyl groups are unsubstituted. 2: 4-Dimethyl rhamnose will not be 
oxidised by periodate, and it has been shown that 2 : 3-dimethy! rhamnose is only oxidised to a 
small extent, about 0°1 mole of periodate being consumed per mole of sugar (Brown, Hough, 
and Jones, /., 1950, 1125). On the other hand, 3: 4-dimethyl rhamnose consumes 0-7 mole of 
sodium periodate per mole of sugar. It would appear, therefore, that the fraction contains some 
35% of 3: 4-dimethyl t-rhamnose, assuming that all the rhamnose derivatives possess a hydroxy! 
grouping on C,,,. The isolation of 3: 4-dimethyl L-rhamnose from the methylated degradation 
products of the gum (Hirst, Hough, and Jones, Joc. cit.) shows that some at least of the rhamnose 
residues are linked through C,,, and C,,, and that the rhamnose is in the pyranose form. It is 
of interest to note that rhamnose has not hitherto been encountered in the furanose form in any 
natural product. 

Fraction II, This consisted of 2 : 3 : 6-trimethyl p-galactose, which was recognised by its 
ability to form a furanose derivative with decrease of optical rotation in cold methanolic hydrogen 
chloride. After oxidation with bromine water it yielded crystalline 2: 3: 6-trimethyl y-p- 
galactonolactone (Haworth, Hirst, and Stacey, J., 1932, 2481). 

Fraction 111, The properties of this fraction corresponded to those of a monomethyl 
i-rhamnose which, after oxidation with bromine water, gave a syrupy y-lactone. The sodium 
salt of the methyl! rhamnonic acid was oxidised with sodium periodate with the formation of 
acetaldehyde. These two observations indicate that there must be a free hydroxyl group on 
Cy, and C,,, and it follows that the fraction contains either 2-methyl or 3-methyl L-rhamnose or 
both and that 4-methy! rhamnose is abseat. The significance of the low yield of acetaldehyde 
(50%) produced on oxidation of the fraction with sodium periodate will be discussed in a later 
publication (cf., however, Bell, /., 1948, 992, and Brown, Hough, and Jones, Joc. cit.) 

Fraction 1V. This consisted of 2 : 6-dimethyl p-galactose (Oldham and Bell, J. Amer. Chem. 
Sec., 1938, 60, 323), and it was obtained in crystalline form on seeding with an authentic 

imen. 

The methylated uronic acid portion consisted mainly of 2-methy! p-galacturonic acid, which 
was recognised after oxidation with bromine water, followed by esterification with methanolic 
hydrogen chloride and conversion of the dimethyl ester into the crystalline diamide of 2-methy] 
mucic acid (Jones and Stacey, /., 1947, 1340). 

Owing to the difficulty encountered in the identification of the various methylated sugars, 
the following figures are only a provisional estimate of the approximate proportions of the sugar 
derivatives formed on hydrolysis of methylated Sterculia setigera gum ; 2: 3: 4: 6-tetramethyl 
p-galactose (6 parts), 3: 4(?)-dimethyl .-rhamnose (4 parts), 2: 3: 6-trimethyl p-galactose (3 
parts), 2- and/or 3-monomethyl t-rhamnose (3 parts), 2: 6-dimethyl p-galactose (trace), 
rhamnose (traces), and 2-methy! p-galacturonic acid (16 parts). The 2 : 6-dimethyl galactose 
and rhamnose may result from either incomplete methylation of the polysaccharide or from 
demethylation of the more fully methylated sugars during methanolysis. 

At this stage it is not possible to formulate a unique structure for this complex polysaccharide. 


table. 
Fraction. Vield, %. Re value. Methylated sugars present. 
I 52 0-88 2:3: 4: 6-Tetramethy! galactose 
3: 4(?)-Dimethyl rhamnose 
8 2:3: 6-Trimethy! galactose 
it 16 0-57 2- and/or 3-Methy! rhamnose 
Iv 3 2 6-Dimethyl 
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It is apparent, however, that Stercudia setigera gum contains the following residues linked at the 
positions indicated, the precise order of arrangement being as yet undefined, 

Gal, 1....(); Gel, 1....(0; ....2, Rh, 


where Gal = p-galact ; Rh = o-th ; Gala = p-galacturonic acid. The 
presence of large amounts of end groups (I) and of triply linked galacturonic acid (V) in the 
polysaccharide illustrates the highly branched nature of the macro-molecule. 


EXPRRIMENTAL. 


Unless othervise stated the boiling points are bath temperatures and the optical rotations were 
Measured in aqueous solution. 

by the powdered gum to the sodium hydroxide 
solution and stirring t) was by the gradual! addition of methyl sulphate mi.) 
during 6 hours at room tem ture and with stirring. The stirring was continued The 
. cooled in an ice- was neutralised by the careful addition of 25% sulphunc 

then evaporated on a steam- -bath reais eaamatleed | was stirred with 40% sodium hydromide solution 
(200 mi.) in order to dissolve the methylated gum which was methylated again by the gradual 
addition of 409, sodium hy solution { ml.) and methyl! sulphate ( The evaporation 
pr was rep d and a third methylation carried out. solution was then dialysed against a 
continuous stream of tap water until it was free from sulphate ions and was neutral in reaction. The 
neutral solution was evaporated under at 40”, Se Ge 
minimum quantity of x-selpburic acid. The ylated-gum acid was extracted with chloroform and 

<n of the chloroform was obtained as a crisp, yellow solid (11 g (allt +82" (c 10)) [Pound 
OMe. 31-8%; sulphated ash, equiv. (by titration), 

The methylated - um acid (28 g. from three batches) was esterified by two treatments with 
iodide and silver oxi - +94-5° (c, 0-65)} was isolated by removal of 
solvent (Found OMe, 40-6%; equiv., 


Fractionation the Methylated Pol 
ted under red 


Fraction I {extracted vols. )-chloroform (10 vols.)}, 1-79 g.; (af +e 
(¢, 0-5 in methanol) (Found: O 5% (by 


alkaline 
Fraction (extracted with lg petroleum (80 vols.)-chioroform (20 vols.)), 4-32 (all? 


(c, 077 im methanol) (Found: O 430%; equiv., 420). 

Fraction 111 (extracted oleum (25 vols.)), 11-41 g.; +00" 
(c, 62 in methanol) (Found : rt 


0-2% 355 
A chloride in a sealed tube 
for 24 hours, hydrolysed with 4% h neutralised with Amberlite resin IKR-4B. The 
methylated 1 were ted partition chromatography on filter-paper strips (Hirst, H 
and Jones, /., 19469,928). E chromatogram, on deve t with ammoniaca!l silver nitrate, sh 
ing of five spots at Rg O88, 0-715, 0-57, 0-44 (traces), and 0-30 (traces), 
galactose, 2:3: 6-trimethy! galactose, 4-methyl rhamnose, 


Stereulia gum (fraction III; 45 g.) was 


160” for 96 and wlth ethereal solution of diazomethane, and the solvents 
were evaporated. The residual (5-5 g.) was dissolved in 4% hydrochloric acid, and the solution 
heated under reflux at 100° for 3 It was neutralised with silver carbonate, and silver ions were 

sulphide, followed by filtration. The barium salts 

am carbonate to the solution, the excess of barium 
carbonate was removed by altration, and the solution was evaporated to dryness. The residue (4 
(5 g.) was extracted with boiling ether (4 portions; each 100 ml.), and the insoluble barium salts (2-6 g. 
were collected and dried. 

Methylated Neutral Reducing Sugars from the Residue 
separated chromatography on a columa ulose into four 
chroma! am at Re, 0-84, 0-71, 0-57, and 0-44, 
%) and »-butanol (909%) ‘was weed as th 


wely : 

38-90%. Cale. for OMe, 43-8%). 


™~ 
fraction) were dissolved in water. Small precipitates (which gave a positive Molisch test and were 
7 a modifed form of cellulose) were removed by filtration, and the solutions were evaporated, 
s 
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cate tor +30° (c, 1-06) (Pound: OMe, 17-90%. 


Fraction D 024 g.) 
Cale. OMe, 29-8 
uantities of 


D-galactose, Ko, 0-44, +68" (c, 0-80) (Found: OMe, 

methylated sugars were separated on the column of cellulose 
content and the Rg value indicated the 
rhamnose. 


er jon ( fractionally distilled 

phe 145 "150" 0-001 (<li (1-7) (Found : OMe, 47%. Cale. 
for tetramethy! pared. ah for dimethy! rhamnose , 32- 

Fraction A2 0-444 P- mm., 6-87) ( ound : OMe, 45-8%). 

Fraction A3 (0-14 g.) +68" Ome OMe, 39-6%). 

Fraction A4 (residue) +4 +652-5" Found : 

Fraction Al. A tion (0-07 g. was under 006 
alcohol (3 mi.) for 2 yg pe crystals of 2:3: 4: 6-tetrameth 
anilide. The were filtered off and washed with a little alcohol; (0-03 g.) m. p. and mixed m. p. 


194° (Found : H,,O,N: OMe, 30-9%). 
Fraction A2. A portion (26-2 mg.) of fraction was with sodium periodate. se of Dametet 
—e consumed by 1048 g. of the fraction, corresponding to 18% of 


D-galactose anilide (0-3 g. ; and mixed m. p. 194" 

Fraction B. The methoxyl content (38-9 ae Re value ( 
of 2; 3: 6trimethyl galactose. A portion (6-043 g.) was 
{10 ml.), and the optical rotation of the solution was observed ; 
hours), (44 hours), — 48° (68 hours; constant value). These 
derivative possesses a free hydroxy! group on C,., and the behaviour is typical of that of 2: 3 : 
D-galactose 

A portion (0-002 g.) was oxidised with bromine water at room temperature for 48 hours. The bromine 
was removed by aeration, and the solution was neutralised by the addition of silver carbonate. The 
insoluble silver salts were filtered off and the silver was removed with weno sulphide. The solution 
was evaporated under pressure, crystals of 2:3: ~ y-D- 

rated recrystallisation petroleum, the crystals m. p. 
m. {e, 0-85) "OMe. Me 422%. equiv. (by titration), 220. Cake. for 
C,H,,0,: OMe, uiv., 222). 

Praction C. A portion ( oe 5.) oxidised with bromine water at room temperature 
for 48 hours and the resulting ac It was heated at 100° under reduced pressure for one 
hour, and the syra lactone (0-086 g.) was distilled in a high vacuum, giving 2(or 3)-methyi-y-1- 
—28°* (initial value; ¢, 0-43) —> (16 hours) (Found: OMe, 181%; 

Tequires OMe, 17-7%; 176) [ 4-methyl 5-.-rhamnonolactone, 
value) (Gill, Hirst, and jones, /., 1939, 1946, 1025); 8-1-rhamnonolactone, 
98-4" (initial value very and Hu 52. 1270) ; y-t-rhamnono- 
tone, [ale 39-7" (ini value) (Jackson and 

tone (10-7 mg.) was slowly neutralised with 0-01 -sodium hydroxide, sodi 
ou, 1 ml.) was added, and yo yr eo produced was determined. The equivalent of 1 mole of 
methyl rhamnonolactone gave 0-47 mole of acetaldehyde. Unfortunately, no authentic specimens of 

monomethy! rhamnoses were available and it was not possible to carry out blank experiments. 

Fraction D. This crystallised when it was seeded with a specimen of 2 : 6-dimethy! p-galactose. 
The crystals were se on a tile, recrystallised from acetone, and dried a SS at 60° under reduced 


~ u on admixture with an authentic 6-dimethy! p-galactose 
{Found Cale, for C,H,,O,: OMe, 29-8%). p-galactose forms a mono- 
rate, m 

to Tagatose Derivatives Methylated Sterculia Gum.—The methylated sugars 
from the residue (4) (0-81 g.) were oxidised with bromine water until the solution was non- cred before 
alkaline hypoiodite, Excess of anaes was removed by aeration, and the solution was filtered 
and after the passage of hydrogen sulphide, neutralised with barium carbonate, and evaporated. 
barium salts contained no ether-soluble material and were non-reducing to both Febling’s solution ma 
ammoniaca! silver nitrate, indicating the absence of tagatose derivatives. 

Analysis and Identification of the Barium Salts from (A).—A portion (1 g.) of the barium salts (Found : 
OMe, ®7; Ba, 24-2. Cale. for barium methyl galacturonate : OMe, 11-2; Ba, 24-6%) was dissolved in 
water (26 ml.). the barium was removed by use of Amberlite resin 1R-100, and the solution was eva: ted 
to a syrup (0-64 ele + 52° (c, 0-63) [Found : OMe, 17-6%; equiv. (by titration), 230. . for 
C,HyO,: OMe, 140%; equiv., 208)) ‘A small portion was “examined on the pa chromatogram, 
using the ve layer of ri mixture of butanol (40%), acetic acid (10%), and water (50%) as the mobile 
= The paper chromatogram was sprayed with a solution of aniline trichloroacetate in ethanol and 

heated. It showed an intense red spot at Ng 0-15, corresponding to 2-methyl galacturonic acid, 
and faint spots at Re 0-08, Re 0-19, and Re 0-30 

The acki was oxidised with bromine water until it no longer reduced Fehling’s solution, and the 
solution was then neutralised with silver carbonate. Hydrogen sulphide was passed into the filtered 
solution and the silver sulphide removed by filtration. The filtrate was evaporated under reduced 


he 
by this procedure 
Examination of the Fractions —-Fracthio 
raciion A portoa 
periodate was consumed by 
In view of the inability 
fractions and A4 
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248. Acylation Reactions Catalysed by Strong Acids. Partl. Evidence 
for the Existence of Acetylium (the Acetyl Cation), (CHyCO)*, in 
Solutions of Concentrated Aqueous Perchloric Acid in Acetic Anhydride. 

By H. Buetow and P. F. G. Pram. 


ion of solvated hydrogen 


Note on Nomenclature.—After consultation with the Editor, the cations referred to are named 
as follows: Ac*, acetylium; AcOH,*, acetic acidium (compare nitric acidium for H,*NO,); 
Ac,OH*, acetic anhydridium. The name “ acetylium” appears preferable to acetyl! cation, 
acetylonium, or acetonium. 

concentrated aqueous perchloric acid appears to be simply explained if it is assumed that the 
perchloric acid (or hydrogen ion) first reacts with acetic anhydride to give acetylium : 

H*(+ C1O,~) + AcgO ==> Act(+ ClO") + ACOH . . 
We consider that this overall reaction is best formulated, for reasons we shall discuss later, as 

H* + === AcyOH* == Act + AcOH 
or AcOH,* + === AcyOH* + AcOH == Act + 2AcOH 
The resulting acetylium ions would then be expected to react as follows : 

—OH + Act —OAc + H* 


the regenerated hydrogen on woul! then produce «futher supply of by 
reaction (1) provided that acetic anhydride was present in the mixture (as is invariably the 
case using the above procedure), Concentrated (72%), aqueous perchloric acid contains a 
relatively high molecular proportion of water (2°2 mols. per mol. of HCIO,), which under the 
conditions of the acetylation reaction rapidly converts* the equivalent amount of acetic 
anhydride into twice the number of molecules of acetic acid. Thus, reagents made from 72% 
perchloric acid (= 1 mol. of HCIO,) and acetic anhydride, even if reaction (1) did not occur, 
must contain a minimum of 4-4 mols. of acetic acid; accordingly more than 2°2 mols. of acetic 
anhydride must be used initially, if an excess of the anhydride is to be present. If reaction (1) 
is assumed to proceed exclusively to the right then a further molecule of acetic anhydride is 
converted into a further molecule of acetic acid. It is necessary to have a proper 
understanding of these molecular relationships in view of the work we now describe. 

If the complete acetylation process obeys the sequence (1), (2), (1), (2), (1), etc., then clearly 
not an acetylating agent, then the occurrence of the reaction, H* + AcOH = AcOH,", is 


* This has been and Winter (Trans. Faraday Soc., 1948, 171, 243), 
wc appear to have Ere tw htt that faction i take 
H 


[1950] Acylation Reactions Catalysed by Strong 
pressure to a syrup (0-48 heating it with 4 
of the solution with silver carbonate, and was in a bigh vacuum; the product (0-35 g.) had 
(c, 0-84) OMe, 333%; equiv 130. Calc. for : 
ee ee 28). The ester was converted into an amide by action of liquid ammonia at 
crystals (Pound 126. Cak. C,H,,O,8,: OMe, 
The authors thank Professor E. L. Hirst, F.R.S., for many helpful and the Department 
Tue Usrversrry, Barstot. 
Mixtures of perchloric and acetic acids which can contain hyd 
ion, ACOH are ot O- ot Cacetylating agente 
mixtures leads to the formation of acetylium (the acetyl cation) 
these ions, especially the former, are able to convert anisole 
This “ modified Friedel-Crafts reaction "’ can be carried out so that the yield of ketone exceeds 
that calculated on the amount of hydrogen ion (perchloric acid) originally used ; an explanation 
for this is given. 
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of relatively little consequence in this connection. We have proved that a reagent containing 
only acetic and perchloric acids is not an acetylating agent, by showing that quinol is unaffected 
after 22 hours at room temperature; subsequent addition of acetic anhydride, however, causes 
immediate acetylation to take place. 

It might appear to be immaterial in this O-acetylation process whether the 
are both rapid. We are inclined to the view, however, that the equilibrium in (1) lies to the 
right, since we have recently shown (/., 1960, 1062) that 
HO-CHArCHy NO,, can be smoothly acetylated by acetic 
acid without any tendency for dehydration to occur. 

We have referred (p. 1203, footnote) to the postulation by Mackenzie and Winter (Joc. cit.) of 
acetylium as a reactive species in mixtures of acetic anhydride and perchloric acid. This view 
was put forward in order to account satisfactorily for the results obtained in a kinetic study of 
the perchloric acid-catalysed, Thiele acetylation of quinones. We consider that this reaction 
does in fact involve acetylium, and we have shown (Chem. and Ind., 1950, 92) that, whereas 
2-methyl-1 ; 4-naphthaquinone is unaffected by acetic anhydride-sulphuric acid (Anderson and 
Newman, J. Biol. Chem., 1933, 108, 405), the perchloric acid-acetic anhydride reaction leads, 
under suitable conditions, to reasonably good yields of | : 3: 4-triacetoxy-2-methylnaphthalene. 
We shall be discussing the Thiele acetylation reaction in a subsequent paper, but in the mean- 
time we desire to draw attention to what we consider to be a serious defect in the mechanism 
put forward by Mackenzie and Winter, namely, the postulation of free phenols. From what 
we have already shown, we consider that any intermediate hydroxy-compound, in the presence 
of acetylium, could not have more than a transitory existence and would accordingly be 
acetylated rather than undergo dehydrogenation by unchanged quinone. 

We have referred above to the fact that a reagent containing acetic and perchloric acids only 
is not an acetylating agent. As a precautionary measure we have also shown that this reagent 
is without effect on anisole during 72 hours at room temperature. We selected anisole for this 


PLOMe + Act + H* 


It is clearly possible to devise experiments to show whether or not the hydrogen ion thus liberated 
in reaction (3) would react further with acetic anhydride (reaction 1), and so acetylate more 
anisole than is stoicheiometrically possible on the amount of perchloric acid (hydrogen ion) 
originally used and asswmed to be all converted by reaction (1) into acetylium ions. That such 

an operation can be carried out is illustrated by experiments 2, 7, and 8 (see Table) and proves 
conclusively that reaction (3) is followed by reaction (1). We cannot give precise details as to 
the relative speeds of these reactions, but it would appear (see experiments 5—7) that (3) is 
fast, and probably also that (1) is fast. 

We can offer some evidence that the initial phases of reactions (1) and (3) are probably both 
fast since we have shown that by adding 0°05 mol. of perchloric acid (as 72%) to a mixture of 
anisole (01 mol.) and acetic anhydride (0-1 mol.) (diluted with an equal weight of acetic acid), 
the anhydride thus being used in an amount deficient to react with all the water ultimately 
present (in other words, the reaction mixture, provided that neither reaction (1) nor (3) occurred, 
contains anisole, perchloric and acetic acids, and a little (approximately 0-01 mol.) water), some 
acylation occurs. The fact that 0012—0014 mol. of p-methoxyacetophenone was isolated 
from reaction mixtures (Expt. 11 and 12) appears to prove beyond doubt that as soon as the 
first drop of perchloric acid is added reaction (1) begins and that this is followed immediately 
or fairly rapidly by reaction (3). The only possible alternative explanation is that the 
acetylium ions formed, of necessity to a limited extent, are stable in acetic acid containing a 
little water. We cannot conceive that this is so. We are of the opinion, however, that 
acetyliam has “some stability in acetic acid,” a statement which is meant to denote that 
acetic anhydridium ions (see la and 1) are capable of acetylating anisole. Some evidence on 
this point appears to be available from a comparison of Expts. 1 and 2 and also from Expts. 8 
and 9. 

it will be apparent from Expts. 1, 11, and 12 that the order of mixing the reagents is of 
some importance and we have accordingly used two techniques. 

The results detailed in the table give clear indications of four factors, namely, time, 
temperature, and the amounts of acetic acid and anhydride present. Expts. 5 and 6 emphasise 
that even at 0° the reactions (1) and (3) are both relatively fast and that the longer reaction 


if 


ae 


E 


i 


developed immediately. This colour may indicate formation of the oxonium 
ion, PhO* MeAc, or [PhOMe,Ac,OH)*, but the amount so produced must have been very small, 


HY + HSO,~ + ==> Act + HSO,~ + AcOH 
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time leads to a higher yield of ketone; it is therefore certain that reaction (3) is the rate- 
determining stage in these cases. Prolonged reaction times have, in fact, led to the production 
of tars both at 0° and at 15°; we are of the opinion that in such case the p-methoxyacetophenone 
first formed undergoes some further reaction. 
The overall reaction occurs, as expected, more rapidly at 15° than at 0°; we did not consider 
it essential to do strictly comparative experiments to prove this point. . 
The effect of increasing the amount of acetic acid is apparent from a comparison of 
Expts. 8 and 9; the extremely vigorous reaction with the smaller quantity of acetic 
acid has been “ slowed down ” by adding more acetic acid and, even if the equilibria of the 
reactions AcJOH’ == Ac* + AcOH (la) or Ac,OH* + AcOH == Ac* + 2AcOH (1d) are 
substantially to the left in Expt. 8, a clear indication that the acetic anhydridium ion might 
be an acetylating agent is apparent. 
In all the 0-1 g.-mol. of anisole, and acid = 006 were used 
last. The figures quoted in columns 2, 3, 6, and 7 refer to g.-mols. “ 
AcOH from 
i 0-44 o 
2 0-2 2 
3 0-22 0-05 
4 0-22 o1 
0-22 
6 0-22 O2 
7 0-22 0-3 
0-315 
0-22 0-315 
10 0-22 0-016 
ll 0-392 0 
12 0-392 0 
* Based on the assumption that 
+ The of the 
The effect of increasing the concentration of acetic anhydride has been 
it is clear from Expts. 3, 4, 5, and 7 that, for a given time at 0°, the yield 
steadily to a limiting value. There is a notable increase in the yield of kety 
amount of acetic anhydride up to and including four mols. for each mol. 
beyond this the effect is not very marked. All these results appear to : 
original suggestion that the equilibrium in (1) lies to the right, is true for acetylating reagents 
containing a large excess of acetic anhydride. We can offer no quantitative evidence on this 
‘e must emphasise that all the work so far done by us is of a purely qualitative or preparative 
nature; in fact no precautions whatever (¢.g., exclusion of moisture) have been taken nor were 
they considered essential for our purpose. 
In all the experiments detailed we have, with one exception, been able to account for 80-— 
00% of the anisole used, either as unchanged anisole or as p-methoxyacetophenone actually 
isolated. The exception was Expt. 9 where excessive production of tar was observed. 
In all the experiments carried out with anisole little development of colour occurred in the ~ 
reaction mixtures provided that “ free ” acetic anhydride was absent. It was noted, however, 
that in mixtures containing even a small amount of “ free” acetic anhydride, a brownish- a 
since clearly such an ion could not be expected to undergo a Friedel-Crafts type of reaction 
with acetylium ions. We should also expect that such an ion would undergo “ acetolysis " to 
phenyl acetate; examination of the alkaline washings of ethereal extracts of the reaction 
products did occasionally reveal traces of phenol, especially when the reaction mixtures had 
been kept for relatively long times. It appears clear that if the colour is due to formation of an 
oxonium ion then this cannot possibly have the structure, PhO* HMe. 
We suggest that mixtures of acetic anhydride and concentrated sulphuric acid may react 
similarly to give acetylium ions : 
4 
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We decided not to investigate this sytem in the first place, because it is well known that such 
mixtures can act as sulphonating agents (including mutual reaction to produce sulphoacetic 
acid). 


EXPERIMENTAL. 
Materials —Acetic and acid were AnalaR Acetic 
Acetic 


the experim 
8 g.), and acetic anhydride (10-2 g) was treated with 


of to 64° and then 


. 135°, and the 2 : 4-di- 


Vogel (“ 
220°, 


and colour to that 
and may be an organic 

solutions of the reaction product a 


Kino's Coitecs or Hovsenotp anp Soctat Scrence, 
(Unrvexsiry oF Lowpon), W. 8. (Received, February 10th, 1950.) 


acid was 
pu in all the 
a cooled 
so that 
the temper 30-35". After &—10 minutes, quinol (5-5 g., 0-05 mol.) 
was added, with shaking, in sma ee and the orange-coloured mixture kept at room temperature. 
which still contained a little ved solid, were added to water (ca. 5 c.c.), clear solutions being 
liquid kept at room temperature for a further 2—3 
indication of acetylation. Acetic anhydride (10-2 g., 0-1 mol.) was added at such a rate that the 
™ temperature of the reaction maxture did not exceed 90” (a tet portion taken after the addition of hal 
_ of acetic anhydride gave an immediate crystalline precipitate). After 30 minutes at room 
tem) , much eryeuiies material had separated; decomposition with ice gave 7:2 g (75%) of 
diacetate, m. raused 23° : 
yield does not take into account 11 test portic 

(+) A mixture of quinol (5-4 g.), acetic acid (10 
to fairly one complete dissolution occurred. mixture was after 
1 minute, on ice. resulting quinol diacetate (7-7 g., 80%) had m. p. 121—-122°. 

Experiments with Method | (Table: Experiments 1—7). 7-0 G. of 72% perchloric 
acid were added dropwise to the te amount of acetic anhydride or mixture of acetic anh 
end acetic acid coated in ice, at such 0 rate that the temperature was hept below 85°. After to 
15° (room temperature) or 0°, the anisole (0-1 g.-mol.) was added Pee ere slight increase in 

(b) Method 2 (Table: Experiments 8—12). Anisole (0-1 g.-mol.), dissolved in the acetic anhydride 
or acetic anhydride-acetic acid, was cooled in ice and treated dropwise with the 72% perchloric acid 
(7-0 g.) so that the tem: ture of the reaction mixture did not exceed 30°. The resulting orange-red 
solution was cooled rapidly to the appropriate temperature and after being kept for the times stated 
was decomposed with ice. 

small amount of a bright solid (A) began to separate aqueous ; “ 
sodium carbonate until free from acid, then with 2x-sodium hydroxide (repeated if acidification gave an 
ee oS ee a The dried (Na,SO,) extract was then evaporated and the residue 
fractionated at about 4 mm., whereby a sharp separation of unchanged anisole from p-methoxy- 
acetophenone, b. p. 110—115°/3-8—4 mm., was achieved. The p-methoxyacetophenone solidified, on 
0 p. 34--37°, which when redistilled gave material, m. p. 39—40° 
(Found ; C, 72-3; H,@7. Cale. for C, 720; H, 67%). 

The phenythydrazone crystallised from yellow needles, 
t red needies, m. p. 223 Practical 
Organic Chemistry,” Longmans, Green and Co., 1948, p. 706) gives m. p. 142° — 

By-products.Formation of the bright yellowish-orange solid (4) (above) was most noticeable in 
experiments which had been carried out for the longer reaction periods. It did not melt but inflamed 
when heated on a spatula. Solutions in alcohol exhibit a vivid green fluorescence similar in in 

hydroxide extracts of the ethereal 

tion of a phenolic substance. 

Attempted isolation of this from some of the experiments by extraction with ether gave small amounts 
(0-2 g. or less) of a dark oil which smelled strongly of phenol but did not solidify. 


meta! was 
and the 
that 


1 g. of the 


60°) 0-lu-sodium carbonate 
hydrochloric acid and titrated with 0-02n-potassium permanganate. 


., 1941, 68, 3526) have reported 


ontde om arsenic metal. 


i 
: 


By H. M. EB. Canpwet. 


The authors express their thanks to Dr. T. E. Allibone, F.R.S., for permission to publish 
Associatep Exectaicat Inpustaizs Reszarcu Laporatory, 


reduction occurred at 1050°, but at this temperature the magnesium meta! is 


diffraction examination of the residue of the tube showed calcium 


in 100 mi. of warm (ca 


[1950) Notes. 1207 
The Preparation J. 
yaya ey arsenic is the reduction of pure antimony-free 
in ammonia (A. Passilc. Compt, rond.. 1934, 198. 178). kis 
: the volatile metal completely free from the more volatile arsenious 
oxide-free arsenic can be obtained by reducing pure arsenious oxide wi 
The reaction is violently exothermic, but can be moderated if the 
and is controlled by the rate at which arsenious oxide is sublimed 
contains quantities of 
% (by of zirconium oxide, and the mixture fritted to 1! 
Sufficient of this material, in the form of small lumps, to contain 20 
of @ transparent silica reaction tube of the form shown in the 
We 
sem, 
tity placed at the end of the tube, which is then evacuated roug 
bverall length of this tube is the same as the uniform-temperature 
mocouples are attached to each end of the reaction tube which is 
into the furnace whilst carefully separated from the furnace walls. 
ow raised (300° per hour) to 930-—-950° while the end o 
cool ( The tube then slowly advanced into the hot 
rf end heats to in 90 minutes; during this time the reaction tak 
rsenious oxide had been placed is about hotter than any other pa 
e absolutely clean end of the tube which originally contained the arsen 
and the volatile arsenic condenses there as a crystalline mass. 
cut open and the metal removed; it should, however, be stored in a 
on the arsenious oxide). 
theoretical nds whether these metals might be suitable reducing agents, in tic 
emai-ecale g.) experiments wore carried ost. Aluminium the reduction occurred a 
was only 16%. The tube became filled with voluminous aluminium oxide and there apy 
1050"; the yield w 
su 
to contaminate the product 
The estimation of 
December 6th, 1949.) 
Davey 
bromide is to be preferred to benzylthmronium bromide as a reagent for the ct 
carboxylic acids, as it is less readily hydrolysed and hence may be used in slightly aqueous 
solutions. This statement has been confirmed, but in the example described below possible 
hydrolysis products, ted. They 
are described here because they ma encountered by other workers and, as they are solids, may possibly ? 
with where the fo being used to the 
Espervmental — p-bromobenzyithiuronium 
carbonymethyi-e I-cartonyiate , 715) the crude acid 
was dissolved in a slight excess of 2~ hydroxide and 
bromide in hot ethanol. On dilution with water and cooling the salt separated and was by filtration. 
The aqueous alcohol mother on further dilutions with water gave two crops of solid. The first 
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Preparation of Ethynylcarbimols from the of ent Ketones. 
By J. Cymznman and K. J. 


1208 Notes. 


CyHO,SNa 


sia 
be B * Fromm and Erfurt, Ber 
and Ber., 1904, 87, * Schwanert, Annalen, 1860, 
3311. 
have been prepared in the stated (calculated on 
literature for the 
nds ves. Only in the case of cinnamaldehyde 
soted tn the literature. 


t-4-en-1- 


-yu-l-ol 


* Hennion and Murray, /. Amer. Chem. Soc., 1942, 64, 1220. * Bowden, Heilbron, Jones, and 
Weedon, J., 1946, 45. * Jones and McCombie, bie, J., 1942, 734. * Macallum, U.S.P. 2,125,384, 1938. 
* Hetlbron, Johnson . Jones and Spinks, /., 1942, 733. 


No evidence is available the mechanism of the reaction which could obviously take 
either by direct substitution of the - ja group by ~C==CH, or by the intermediate formation of the 
- —~o compound through removal of sodium bisulphite by the liquid ammonia. The ——- 

of the method to dialdehydes is under investigation. An attem reaction of ——_ 
acetylenyimagnesium bromide and acetone bisul — compound an almost quantita’ 
recovery of phenylacetylene even after § hours’ r . 

Eaperimental Estimation of bisulphite compounds accura’ quantity of the 

bisulphite compound (0-1—1-0 g_), previously washed with and ether, and dried at 

,,), was warmed for 15 minutes an excess of an aqueous-alcoholic solution of 2 ; 4-dinitro- 
phen yihydraaine sulphate, and the reaction mixture then to 0° (ice). The precipitate was filtered 

off on « sintered-glass crucible and dried to constant weight either at 100° or, for the derivatives of 
cinnamaldehyde, citral, and furfuraldehyde, at 20°/20 mm. (P,O,). 

2-Methylbut-3-yn-2-01. A solution of sodium acetylide, 

McCombie's method 


2-methyibut- (6-0 g., 46%) 
mm., 1-420] (Hennion and Murray, loc. cié., 


Chem. See., 1948, 70, have reported preparation of the terary 
eee yde has however been condensed acetylene, and 
Aliphatic dialdehy in are dificultly accessible materials, often available only in 
station or polymer, and the alkane conditions normally wand for the preparation of 
carbinols (cf. Johnson, “ The Chemistry ot the Acetylenic Compounds,” London, 1946) would 
the aliphatic often be obtained 
crystalline uf hugh party prompted a preliminary investgainon of the ra.tion between scetyioe 
"7 ine solids rit 4 imi acet 
and the sodium bieulphite adducts of carbuny! compounds. It was found that reasonable yields of 
conversion into 2 : 4-dinitrophenylhydrazones, and the ing results were obtained by this method. 
Acetone 9234 H,O,SNa* Cinnamaldeh 87-4 
Benzaidehyde 
* Limpri 
1909, 42, 3 
116, 261. * 
com 
exceed that q 
Compound. Yield obtained, %. Literature yield, %. 
Hex-|-yn-3-ol 32 46* 
45 
13-6 
21-5 65* 
37 
of the mixture were continued for a further 2 hours in a slow stream of acetylene, and the reaction was 
to and residue was treated with the minimum of ice-water, acidified with 
acid (26 dried 


extract with sod 
Spinks, 


ammonia (1500 c.c.) and 
, a8 a colourless of] (15-0 g. 


(after 


nd (64 £.. 0-25 mole 


Tollens’s 


carbinol, b. p. 88-—89" 


21-6 


pou 


Notes. 
ideb esiphine (44 g.. 0-26 mole) : 
bisulphite compound (108 g. 645 mols) 
mate and water The dried extract 
(0-025 mm., aff 1.5609, which 
(b. p. (Jones McCombie, loc. est., give m. p. 
.. 1 mole) gave a large qu 
with ether yielded a solid, m. p. 66° (18 g., 19-5%), aes 
McCombie, loc. cit., give m. p. 66—67°; maximum, 2510 a.; log « = 431). ay 
1-(2- Fury!) -2 tion by the above method from sodium (36 g.) 
a : ite compound (100 g., 0-5 mole) during 4-6 hour 
asa ). b. p. “ail 
m., 1-604). 
tte) the 
immedia| 
b. p. 
Orcamc Cuemistay Tex University of Sypwey. February Gh, 1050.) 
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Lecrure seroxe tae mv on Fesrvanry 
1950. 


By J. W. Coox, D.Se., Se.D., F.R.S., F.R.LC. 


Aw invitation to give a Pedler Lecture is one of the greatest compliments that the Council can 

an organic chemist, and when | received the invitation to give this lecture I accepted the 
Cer cae eniienn Although I selected a very general title, 1 do not intend to attempt 
to survey more than a few selected topics within the field of investigations on polycyclic aromatic 


In a sense, this lecture marks the coming-of-age of the Pedler Lectureship. For it was nearly 
twenty-one years ago, in 1929, that the first Pedier Lecture was given by W. H. Perkin, jun. 
I still have very vivid memories of that occasion, as indeed I have of most of the other Pedler 
lectures. 

It was in the year of the first Pedier lecture that I began work on hydrocarbons 
of the benzanthracene group, having served my apprenticeship with Dr. E. de Barry Barnett, 
with whom I carried out a series of researches on anthracene derivatives. These served to lay 
of werk wes to be During that period, the work 
of Barnett and Matthews ' made available the tetracyclic hydrocarbon, | : 2-benzanthracene. 
The fluorescence spectrum of a sample of their compound was found by Hieger to bear a striking 
resemblance to the spectra of certain cancer-producing tars, the powerful characteristic 
fluorescence of which had impressed Mayneord. This focussed attention on hydrocarbons 
related to 1: 2-benzanthracene and led Kennaway to the discovery of the carcinogenic pro- 
perties of 1: 2: 5: 6-dibenzanthracene.* It was the publication by Clar,’ in 1929, aiaute 
new synthesis of this hydrocarbon that provided the incentive to prepare and test this par- 
ticular derivative of 1: 2-benzanthracene. Thus a series of rather fortuitous circumstances 
led to 1: 2: 5: 6-dibenzanthracene being the first chemical compound found to have cancer- 
producing activity. But once the fluorescence relations had been noted the discovery of the 
benzanthracene group of carcinogenic hydrocarbons was probably a foregone conclusion. At 
any rate, even before the biological results with dibenzanthracene had been obtained I had 
begun work, inspired by the fluorescence results, on the synthesis of a series of new hydrocarbons 
derived from benzanthracene. One of these, 6-isopropyl-1 ; 2-benzanthracene, proved to be a 
carcinogenic hydrocarbon of moderate potency.‘ This was followed, within a short time, by 
the isolation from coal tar, and the synthetic preparation, of 3 : 4-benzpyrene, a highly active, 
strongly fluorescent, carcinogenic hydrocarbon of the benzanthracene group which had exactly 
the fluorescence spectrum associated with the crude active tars.* 

From these modest beginnings a major branch of cancer research has been built up. Its 
bibliography has grown to considerable dimensions. By 1939 nearly 900 papers dealing with 
chemical carcinogenic agents had been published * and this number has been greatly augmented 
during the ensuing decade. According to Hieger ’ about 300 synthetic carcinogenic compounds 
are now known. A substantial proportion of these was prepared by my very able group of 
collaborators at the Royal Cancer Hospital in the period 1929-—39. I should like to take this 
opportunity to pay tribute not only to them, but also to Sir Ernest Kennaway whose scientific 
imagination and inspiring enthusiasm encouraged us to succeed in many ventures which other- 
wise we should have thought too difficult to attempt. I propose in this Lecture to recall some 
of the results obtained during that period and to see how they look in the light of our later 
knowledge, and also to discuss some of the recent work on carcinogenic and related hydrocarbons 
carried out in my laboratory in Glasgow. It would be superfluous as well as impracticable to 
attempt a general review of carcinogenic chemical compounds. This has been done on several 
occasions. In this connection perhaps I may direct attention to three publications, namely, 
the lecture which I gave to the Royal Institute of Chemistry in 1943, the very interesting 
special number of the British Medical Bulletin on “ Chemical Carcinogenesis,” published in 
1947, and the excellent discussion of the relation between carcinogenic activity and chemical 
constitution published more recently by my former colleague, Dr. G. M. Badger.* 

Classes of Carcinogenic Compounds.—-I have referred to the large number of chemical 
compounds which have been shown to produce malignant tumours in laboratory animals. 
Perhaps I should reassure you by adding that there are much larger numbers which have been 
tested and found inactive. To avoid laying myself open to a charge of misrepresentation I 


hydrocarbons 
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ought also to point out that by no means all of the active compounds come within the category 
of polycyclic aromatic hydrocarbons. Outside this class, the group which has been most 
extensively investigated is that which comprises a number of azo-dyes.* The discovery of their 
carcinogenic properties was due to Japanese workers. They are slow in action, they require 
large doses to produce tumours, and for the most part they cause cancer only in the liver, 
them by transformation in the liver cells. 

A very interesting carcinogenic compound of another class is 2-acetamidofluorene (1). 
This has been used as an insecticide and its carcinogenic effects were first described in 1041.” 
Its capacity to form malignant new growths in great variety, mostly remote from the site of 
injection, has been fully confirmed in several laboratories.‘' Carcinogenic properties of 
of 2-acetamidofluorene (viz., II, III, IV) have been reported recently. In these, the methylene 
bridge of the fluorene system is replaced by sulphur or oxygen, or is entirely absent. The 


a.) 


an) 


activity of the last compound, 4-dimethylaminodipheny! (IV), is of especial interest as it seems to 
form a link between 2-acetamidofl (I) and some basic stilbenes such as 4-dimethylamino- 
stilbene (V) which Haddow and his collaborators ™ have shown to produce tumours resembling 
in their distribution those produced by the fluorene derivative. 

Yet another class of nitrogenous carcinogenic compounds is that of the nitrogen mustards, 
two examples of which [methy!-di-(2-chloroethy!)amine and tri-(2-chloroethyl)amine) have been 
Teported recently by Hoyland and Horning * to produce tumours in mice. The substances 
were administered by subcutaneous injection of aqueous solutions of their hydrochlorides, 
and the resulting tumours were mostly lung tumours. It has also been shown that lung tumours 
arise in rats and mice after administration, in various ways, of urethane, '* but not of other alkyl 


but it has always seemed to me that they are not strictly comparable with the carcinogenic 
polycyclic hydrocarbons. The members of the latter group give mainly local tumours at the 
site of application. They do this in a great variety of different organs in severa! species of 
animal, and the more potent compounds are active in very minute doses and give tumours after a 
relatively short latent period. 

In considering the possibility of chemical causes of human cancer it is well to recognise that 
relatively large amounts of feebly active compounds may be just as effective as very small 
amounts of more poteat compounds. In this connection it is also necessary to appreciate that 
the biological test procedure becomes progressively less certain as the carcinogenic potency 
diminishes. This is due partly to biological variation. With a weakly active compound 
tumours may arise in a smal! proportion only of the treated animals and it is then difficult to 
decide whether the tumours are due to abnormal! sensitivity of the animals, or whether they are 
“ spontaneous " tumours which would arise irrespective of any externa! stimulus. 

It is against this background that one must attempt to assess the precise significance of the 
extraordinarily suggestive results obtained by Hieger and others in the course of a series of re- 
searches on the carcinogenic effects of the unsaponifiable fractions of the lipoids of human 

In his latest publication '’ Hieger states that 63 sarcomas (i.¢., tumours 


fractions derived from tissues of human subjects (cancerous and non-cancerous) and from cattle. 
The average latent period was about 18 months. He also obtained sarcomas in about 5% of 
213 mice after injection of commercial cholesterol in lard. In the time at my disposal it is im- 
possible to elaborate on or discuss this work, but I may say that I am unable to subscribe to 
the suggestion that the carcinogenic factor present in the unsaponifiable fractions may be 
cholesterol itself. 

Aromatic Hydrocerbons related to the Sterols.—Kennaway also has entertained the possibility 


of other types of compounds, the administration of which to experimenta! animals has been 
followed by tumours. 
These various classes of carcinogenic compounds are of considerable interest and importance, 
of connective tissue) were obtained in approximately 2000 mice after injections of unsaponifiable 
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that cholesterol (VI) might be implicated in some way in the causation of cancer, and he showed, 
in 1928, that at very high temperatures cholesterol is converted into a cancer-producing tar." 
Undue importance was not attached to this, in view of the pyrolytic nature of the process, 
but, when shortly afterwards we found that several polycyclic aromatic hydrocarbons were 
endowed with cancer-producing properties, we became interested in the hydrocarbons of this class 
which Diels had obtained by the selenium dehydrogenation of cholesterol.” Consideration 
of Diels’s paper raised considerable doubts in my mind as to the correctness of the structures 

proposed for the two crystalline hydrocarbons which he had isolated (CjsH,, and 


structure for the sterols and bile acids. We appreciated at once that this new formulation 

ion, into hydrocarbons of the benzanthracene group. Kennaway and I 
Subliched Note t thie 


(X11) (XIV) (XV) 


It would be inappropriate to recapitulate here in detail the investigations which led to the 
clarification of the reactions involved in the dehydrogenation of sterols and bile acids. They 
are admirably summarised by Fieser and Fieser in their book.** There are, however, certain 
features which | should like briefly to discuss. The major crystalline product formed by selenium 
dehydrogenation (C,gH,.) consists essentially of 3’-methyl-1 : 2-cyclopentenophenanthrene 
(VIL; R = Me), formed by elimination of the side chain and migration of the methyl group 
at Cy, before dehydrogenation.” But the crude material is clearly a mixture and I have 
very little doubt that it contains also the parent | : 2-cyel bh threne (VII; R = H), 


which has in fact been obtained by deb ydrogenation of isorubijervine, one of the Veratrum 
alkaloids.” Biological tests with 1 : 2-cyed tenop threne showed, as we expected, that 
this hydrocarbon was devoid of carcinogenic > action.™ 

At a later stage in our investigations consideration of the structural relations among 
carcinogenic hydrocarbons derived from chrysene, 3: 4-benzphenanthrene, and 1 : 2-benz- 
anthracene led Hewett" to synthesise 1: 2:3: 4-tetramethylphenanthrene (VIII) which 
indeed proved to be weakly carcinogenic.** If one concedes the possibility of migration of 
methy! groups from C,,», and C,,,, of the sterol molecule into the six-membered rings d 
dehydrogenation,* then it is possible to visualise the formation of 3: 4-dimethyl-] : 2-cydo- 
pentenophenanthrene (IX). This hydrocarbon might well have some carcinogenic activity and 
it would be of interest to synthesise it for biological test. 


Cy H,,). In order to obtain further evidence, I had already carried out some experiments on the 
debydrogenation of cholesterol when Rosenheim and King, in 1932, announced their new ring ’ 
OO 
Wa 
(Vi) (VUL) (IX) 
CHy 
H Me CH,COH 
Me 
H 
(x) (XL) (XIL) 
A 
al 
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The C,, hydrocarbon which Diels * had obtained oy dehydrogenation of cholesterol was 
clearly pentacyclic, the fifth ring being formed from the side chain; but it was evidently not a 
benzanthracene derivative. Ruzicka o a/."’ isolated a very similar hydrocarbon as a minor 
product of the selenium dehydrogenation of cholic acid (X), and we were able to show by synthesis 
that this was 5-methylnaphtho-(2’ : I’-1: 2)f@uorene (XI). This is formed 
cyclisation of the side chain on to the five-membered ring. If the 
cholesterol were produced in the same way then it should be 
(2 : 1-1: 2)ftuorene (XI). 


Fieser,** who also synthesised it.** Another 


I think that it would be worth while to examine the products further. 

Ch ic gens and Human Cancer.—Biological tests showed 
be a very potent carcinogen. It is in fact one of the most active compounds known 
extensively used by cancer research workers. It is very interesting that substances of such 
common occurrence in the anima! body as cholesterol and the bile acids should be convertible 
by relatively simple, if somewhat drastic, reactions into a highly potent cancer-producing 


. Inhoffen, for example, has recently discussed the possible stages of 
transformation of sterols and bile acids into cholanthrene derivatives.** 
We do not know, of course, that methylicholanthrene is carcinogenic in man. 
shown to produce tumours in a number of different species of animal, but there is known to be a 
wide species difference in the response to carcinogenic influences. Strong has recently reported 
that in New Haven, rhesus monkeys have been injected with methylcholanthrene for 15 years 
without producing a single neoplastic tumour. This is the kind of factor that needs to be 
considered in attempting to assess the significance of the chemical! carcinogens in relation to the 
general problem of cancer. We know, of course, that coal tar can cause skin cancer in man, 
as it does in mice, but not at all readily in rats. 3: 4-Benzpyrene, which is a constituent of tar, 
can produce malignant tumours in mice, and it is, therefore, a reasonable presumption that 
it can do so in man. But there is no direct proof of this. The chemical! carcinogens have been 
on cancer, but it is unlikely that this represents the full 


this. How the compounds bring about the transformation of normal cells into 
cells is entirely unknown, in spite of the attention that has been devoted to this problem. Once 


from a hydrocarbon of this structure which we also synthesised. But the two hydrocarbons 
were very similar in properties and in their absorption spectra, and the cholesterol hydrocarbon 
is obviously a naphthofiuorene homologue. Its detailed structure stil] awaits elucidation.” 
Success in our quest for a benzanthracene hydrocarbon related to the sterols came from 
another method of approach. Wieland, in 1925, had described the conversion of deoxycholic 
acid into a hydrocarbon, dehydronorcholene, which on the new sterol formulation was evidently 
represented by the formula (X1II)."* At a Discussion Meeting of the Royal Society, held in the 
summer of 1933, I pointed out ™ that dehydrogenation of dehydronorcholene should lead to the * 
hydrocarbon (XIV), which represents a benzanthracene derivative with substituents in positions 
favourable for carcinogenic activity. The experiment was made by my collaborator Haslewood, ae 
who found that with the side chain anchored at a second point dehydrogenation of debydro- 
norcholene took place smoothly to give the fully aromatic hydrocarbon (XIV) in very much better 
yield than is the case with hydrocarbons formed by direct dehydrogenation of sterols and bile 
acids. We established the structure of this new hydrocarbon by degrading it to 5 : 6-dimethyl- 
1: 2-benzanthraquinone (XV), which we synthesised.” In the publication of our work we were 
to some extent anticipated by Wieland and Dane, who also dehydrogenated dehydronorcholene 
to the same hydrocarbon (XIV) which they called methyicholanthrene. 
The formation of methylicholanthrene in this way, and the establishment of its structure, 
furnished the first chemical proof of the position of the side chain in the sterols and bile acids. 
tion was found by 
Rossner *" who isolated methyicholanthrene in about 1% yield from the selenium dehydrogen- 
ation of a product of condensation of cholestanone with phenylhydrazine. This suggests that 
cholanthrene derivatives may also be formed in the direct dehydrogenation of cholesterol and 
. compound. Whether methyicholanthrene or some similar compound is responsible for initiating 
the spontaneous tumours in man and other animals is an open question. So far the presence 
of such substances in the body has not been demonstrated, but the possibility is being kept in 
extent of their importance. It is very suggestive that by their use it is possible to produce at 
will, in a majority of treated animals, malignant tumours which simulate all the characteristics 
of human cancer. It has not been shown that chemical compounds are concerned in the origin 
of cancer of the internal organs of man, but the experimental work points to the possibility of 
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this transformation has taken place the compound which has stimulated it is no longer necessary 
for the continued growth of the malignant cells. 

There is a school of pathologists who find it necessary to postulate the need, not only for the 
“ incitor” or “ remote cause,” but also for a “ continuing cause " of cancer, which is thought to 
be required to maintain the growth of malignant tumours. Those who hold this view postulate 
further that this “ cause” is a pathogenic virus, but hitherto have been singularly unsuccessful 
in demonstrating the presence of such a virus in mammalian cancers, if one excepts the Bittner 
milk factor, which is in a special category. Very considerable interest therefore attaches to the 
recent work of Gye and his collaborators © who found that tumours could be produced by 
inoculation of mice with mouse tumour tissue which had been kept at —79° and then dried. 
Gye claims that such preparations cannot contain living cells (which if inoculated would continue 
to grow) and that the new tumours are therefore produced by a virus. Dr. Gye's collaborator 
and successor, Dr. Craigie, is rightly much more cautious in his interpretation and stresses the 
need for more exact knowledge of the ability of the tumour cell to survive under various con- 
ditions." This, I think, is where we must leave this matter, with the existence of the cancer 
virus still unproven. 

Metabolism of Polycyclic Hydrocarbons. turn now to another phase in the study of 
carcinogenic hydrocarbons. This is the investigation of their fate in the animal body. Such 
work was originally undertaken in the hope that it would provide some clue as to the mechanism 
of carcinogenic action. It seems now that this hope is unlikely to be realised, but even so the 
results are of chemical interest. Partly because of the unavailability of the carcinogenic 
hydrocarbons in adequate quantity, parallel studies have been made with related non- 
carcinogenic hydrocarbons. The pioneer worker in this field was Boyland, but important 
contributions have also been made by Chalmers, by Berenblum and Schoental, and by Young, 
in the United Kingdom, and by Rhoads and his collaborators in the United States. 

When polycyclic aromatic hydrocarbons are introduced into the animal body they may 
be partly excreted unchanged, but are mostly transformed into other compounds. Many of 
these have been isolated and identified, but they represent only a small proportion of the 
compound administered. The balance of the material is more extensively degraded, partly 
to unidentified acids.“ The compounds which have been identified include diols formed by 
addition of hydroxy! groups to two adjacent positions, phenols which may or may not be formed 
through the intermediary of such diols, glucuronic acids derived from both these types, and 
mercapturic acids, The products which I shal! discuss belong to the first two classes. 

Diols have been isolated in the cases of naphthalene, anthracene, and phenanthrene. 
Young ® isolated a lavorotatory diol (XVI) from the urine of rats after administration of naphth- 
alene. It has deen shown in my laboratory that this is a trans-diol.“ We synthesised the 
compound (XVII) which is formed from it by hydrogenation. The diol (XVIII) from anthracene 
has been obtained in two forms, one of them optically active and the other inactive. Opinion 
has varied as to their configuration, but Booth and Boyland “ have now concluded that they 
are both frans-diols. Our own work “ supports this conclusion for the melting points of our 
synthetic (+ )-¢rans-dihydroxytetrahydroanthracene and its diacetate agree with the values 
recorded by Boyland and Levi ** for the dihydride of their inactive metabolite and its diacetate. 
In the case of phenanthrene, hydroxylation takes place at two bonds in the molecule. One 
product is dehydrated to %phenanthrol and appears to be the frans-9 : 10-diol (XIX); the other 
is dehydrated to 1-phenanthrol and is presumably the 1 : 2-diol (XX).*" The evidence, therefore, 
indicates that these metabolic diols all have the trans-configuration. This is a point of some 
importance in connection with the mechanism of biochemical oxidation. 

With the more complex hydrocarbons diols have not been isolated. They may be formed 
intermediately and dehydrated either in vivo or during extraction, but it is also possible that the 
phenols which have been isolated are formed by direct replacement of hydrogen. The structures 
established for the products are shown in the formula and show an interesting degree of 
regularity in the positions of attack. 1: 2-Benzanthracene gives (XXI);** chrysene gives 
1: 2:6: 6-dibenzanthracene in rats and mice gives (XXIII),” but a different, 
unidentified, diol in rabbits; *' 3; 4-benzpyrene gives (XXIV) and (XXV).%" The most 
interesting feature is that the points of attack are not the positions which nearly all chemical 
reagents show to be the most reactive. 

The structures assigned by the biochemical workers to the benzpyrene metabolites (XXIV 
and XXV), which were different from the known 5-hydroxy-3 : 4-benzpyrene, were based on the 
relationship of these phenols to the red 5: Te ee ee 10-quinone 
(XXVIII) which are formed by chromic acid oxidation of the hydrocarbon. These quinones, 
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which were also isolated from the animal excreta, were first prepared by Vollmann and his 
collaborators “* who based their structures on analogy with the colours of the pyrenequinones 


(XV1L) (XVIL) (XVIII) (XIX.) 


and on the fact that both benzpyrenequinones were oxidised to the same mesobenzanthrone- 
3 : 4-dicarboxyanhydride xxviin be cee In view of the element of uncertainty about these 


% and the oxidation of the synthetic product to the red quinone (XXV1) has placed 
the results of the metabolic work on a surer foundation and has also confirmed the structures 
assigned to a series of 10-substituted benzpyrenes which have been related to the yellow quinone 
(XXVIII). 


(XXVIL) (XXIX) 


(XXXIIL) 
This was condensed with ethyl seccinate to give « half-ester (XXX) which under- 
acid (XXXI) and its tetrahydride 
as intermediates in the synthesis of poly- 


cyclisation, probably on account of its ready oxidation to the 
benzanthrone, but the tetrahydro-compound (XXXII) was smoothly cyclised oy arbaenen 
fluoride to the pentacyclic ketone (XXXIII). From this, by dehydrogenation with palladium- 
black in boiling 1-methylnaphthalene, the metabolic 8-hydroxybenzpyrene (X XIV) was obtained 

in excellent 

New Chemical Methods of Oxidation._We have seen that biochemical! oxidation of polycyclic 
hydrocarbons takes place at positions in the molecule which are not the most reactive ones, 
give diols by addition of hydroxy! groups. By the use of Criegee’s osmium tetroxide 
Dr. Schoeutal and I have found a method which more closely resembles biochemical 


results it was decided to synthesise 8-hydroxybenzypyrene (XXIV) by an unambiguous route. 
t 
(XY) 
\ 
™ 
(XXITX). 
went dispr 
acid. The 
(XXXII). 
cyclic aromatic compounds is well illustrated here. The benzanthrene compound (XXXI) . 
which are not those normally attacked by other oxidising agents or by cationoid reagents, 
to give esters of osmic acid which may be hydrolysed to diols. In two important respects the 
results of this process are different from those of biochemical oxidation. The positions of attack 
are different, and the diols, from Criegee’s work, must have the cis-confignration whereas the 
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metabolic diols are trans-diols. This work has been published * and I need only add that in all 
the hydrocarbons which contain a phenanthrene system addition occurs at the meso-positions 
of this system. In the case of | : 2-b th for instance, the diol formed by hydrolysis 
of the osmic ester has the structure (XXXIV). It might be thought that stereochemical factors 

it addition to the more reactive anthracene meso-positions, but this explanation wil] not 

in the case of pyrene, which gives the 1; 2-diol (KXXV). In all other known reactions 
of pyrene except hydrogenation,"’ the first point of attack is position 3, and there is no stereo- 
chemical reason why osmium tetroxide should not add at the 3: 4-bond. The presence of a 
phenanthrene system is not essential for the osmium tetroxide reaction. Anthracene gives a 
diester, which is hydrolysed to the tetrol (XXXVI). 


(XXXIV) (XXXV) (XXXVL) (XXXVIL) (XXXVI) 


We have extended this work on the oxidation of polycyclic aromatic hydrocarbons, and have 
examined the effect of the Milas reagent, which consists of hydrogen peroxide in éert.-butyl 
alcohol, catalysed by osmium tetroxide.*“* Here the reaction was much more complex and 
es ee eee For example, in the case of | : 2-benzanthracene we isolated 
not only the diol (XXXIV), but also the 3: 4-quinone (XXXVII), the dicarboxylic acid 
(XXXVITI) which it gives on further oxidation, the 9: 10-quinone, and phthalic acid. The 
considerable quantities of products which involve primary attack at the 3 : 4-positions indicate 
the intermediate formation of a cyclic osmic ester. Simultaneous formation of the 9 ; 10-quinone 
indicates clearly that part of the Milas reagent attacks the hydrocarbon molecule by another 
mechanism. This may be an oxidation by means of free radicals, but there is at present no 
specific evidence to support this view. 

Recent work by Weiss and Waters and their respective collaborators * has shown that free 
hydroxy! radicals can hydroxylate aromatic nuclei to give phenols as is indeed also the case with 
the Milas reagent.“ So far, however, there is no evidence that free hydroxy! radicals can add in 
pairs to an aromatic double bond to give diols such as are formed in biochemical! oxidation. 

Oxidation of olefins with hydrogen peroxide in presence of certain catalysts has been re- 
ported to give frans-a-diols. This result has been obtained with selenium dioxide,*' pervanadic 
acid,“ and pertungstic acid.“ Oxidation may take place through the intermediary of 
which are known to give trans-diols on hydrolysis, Epoxides are formed by oxidation of olefins 
with organic per-acids, and Eckhardt ® has shown that many polycyclic aromatic hydrocarbons 
are oxidised by perbenzoic acid. But recent re-investigation of this reaction by Waters “ has 
given no evidence of the formation of epoxides. The products isolated were the result of oxida- 
ation at the usual reactive centres; for example, | : 2-benzanthracene gave the 9 : 10-quinone 
and there was no evidence of oxidation at the 3: 4-positions. A purely chemical method for the 
formation of trans-diols by oxidation of aromatic hydrocarbons has yet to be found. Our know- 
ledge of the biochemical! oxidation of these hydrocarbons is still rudimentary. 

Electron Distribution in Polycyclic Aromatic Hydrocarbons.—It has been suggested by the 
Pullmans ** that the carcinogenic activity of polycyclic aromatic hydrocarbons is 
on an optimum density of n-electrons at the phenanthrene meso-positions, which they term the 
“ K" region. A similar idea seems to have been entertained by Sir Robert Robinson,** but he 
has not published a detailed account of his views or of the experiments carried out in his laboratory 
to test them.*’ By the application of quantum-mechanical pinciples the Pullmans calculated 
the electron densities at the “ K " positions of a series of carcinogenic compounds and related 
hon-carcinogenic substances, and suggested that the values so obtained could be correlated with 
the carcinogenic potencies. Badger * ® has discussed their data and has drawn attention to 
humerous anomalies. It seems to me that it is difficult to come to any conclusion as to the 
validity of these correlations. There are so many factors which can lead to error. I have 
already remarked on the uncertainties in the assessment of carcinogenic potency, and there is 
also the circumstance that many compounds have been assayed with too few animals for the 
estimate of carcinogenic potency to have statistical significance. There are also elements 
of uncertainty in the calculation of electron densities. The values obtained vary with the 
method of calculation, and in each of these it is necessary to make approximations. In fact, 


the calculated values of indexes of free valency and bond orders of the various positions of a 
series of polycyclic aromatic hydrocarbons with their positions of chemical reactivity. The 
the circumstance 


be. 
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* Daudel ** has remarked, rather naively, that “ it seems that the accord between theory and 
experiment is less good in the case in which the evaluation of the charge is more correct." 
1 think that the most important outcome of the work on the addition of osmium tetroxide 
to aromatic hydrocarbons is that it has provided a method of quantitative estimation of chemical 
‘ reactivity at the “ X “ region of the hydrocarbons which contain a phenanthrene system. For 
F ; it is at these positions that addition takes place. The osmic esters are highly coloured and their 
pyridine cornplexes are soluble in many organic solvents. These properties have been utilised 
by Badger and Reed ® to follow colorimetrically the rates of reaction with osmium tetroxide 
and thus to obtain comparative values of the chemical reactivity at the “ K" region. These 
values may be compared with the theoretical calculations of electron densities. 
Using a new method of calculation *® Daudel and his collaborators ’' have sought to correlate 
(XXXLX) substitution takes place at position 3, which is endowed with the 
free valency, whereas addition takes place at the 1: 2-bond. This bond has t hy 
order, and the index of free valency at these positions is also relatively high. 
that in all the examples cited the phenanthrene 9: 10-bond is the one with t . 
order, and as we have seen, this is the position at which addition of osmium tet ae 
takes place. Another noteworthy example is picene (XL). The French authe 
overlooked my work ™ which showed that picenequinone is the 5: 
calculations would predict, and not the 13: 14-quinone, which it was formerly thought to I 
om 
oar 
oom om 
(XXXIX,) (XL) 
The electron-density calculations also enable computations to be made of the interatomic 
distances. As many of these have been determined experimentally with great accuracy from 
X-ray crystallographic data they provide another means of checking the results of theoretical 
calculation. The following table gives in column I! the values of bond-lengths, determined by 
Robertson and White for pyrene ™ and coronene."* Column III gives the values calculated 
by Vroelant and Daudel,” and column IV the values calculated by Moffit and Coulson,"* using 
the method of molecular orbitals. The agreement is very satisfactory. 
Bond. m1. Iv. 
A 1-45 1425 1-412 
B 1390 1-435 1-415 
Cc 146 1415 1-42 
D 1-39 1-38 1-37 
E 1-42 1-416 1-401 A 
1-38 1-39 1-388 
P 1-385 1-38 1-372 ad 
1-416 1-416 
143 1-435 
s 143 1-425 1-415 
Conclusion.—I have attempted in this lecture to give an account of some of the respects in 
which the study of polycyclic aromatic hydrocarbons has contributed to genera! chemical 
knowledge and to the furtherance of research on cancer. Many important developments have 
been taking place to which I have been unable torefer. The work of Dr. Clar, now working in my 
laboratory in Glasgow, has established some very interesting correlations between the structures 
of polycyclic hydrocarbons and their absorption spectra. He has recently summarised this 


work.’* I should have liked to have been able to discuss some of the problems associated with. 
* overcrowding "' in certain polycyclic structures. I drew attention to some of 
these problems in an article in the Annual Reports for 1942. Recently there have been interest- 
ing developments, notably as a result of the work of Newman "’ and Bell * who have demon- 
strated the existence of molecular asymmetry due to distortion of sterically hindered molecules. 

The field of polycyclic aromatic hydrocarbons is somewhat specialised. I am sure that it is 
one in which there are still rich new harvests to be garnered. 
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OBITUARY NOTICE. 


ARNOLD STEVENSON, M.B.E. 
1874—1948. 


ARNOLD Stevenson was born in London on the 0th July 1874 and was the son of the well-known 
architect J. J. Stevenson, F.R.1.B.A.; his mother, née Jane Omond, came of an Orkney family. 
After attending a preparatory school near his home in Bayswater Stevenson went to Winchester 
in 1888. While there he did well in Mathematics, and then became greatly interested in Natural 
Science, particularly in Chemistry. He was also a very keen member of the Rifle Corps, in 
which he held the rank of Colour Sergeant, the highest attained by anyone who was not a master. 
He represented Winchester in the competition for the Ashburton Shield at Bisley. 

In 1893 Stevenson won a Minor Scholarship to Clare College, Cambridge, and in 1894 a 
Foundation Scholarship. He lost a year through illness and took the Natural Sciences Tripos, 
Part I, in 1897, and Part II the following year. After studying for a year in Aachen he joined 
the Z Lamp Co. who manufactured incandescent lamps near Wimbledon. 

Soon after the outbreak of the first World War Stevenson offered his services to Professor 
(later Sir Jocelyn) Thorpe who at that time led a team of pupils at the Imperial College of Science 
and Technology, engaged in the manufacture of drugs for the use of the Services. Here 
Stevenson was associated with Miss H. M. Judd and the writer, who found the meticulously 

newcomer a great help. 

When the Ministry of Munitions was founded Stevenson went to the Optical Glass Section ; 
he was given the M.B.E. for his services there in 1918. In the following year he decided to do 
research in Organic Chemistry and joined Thorpe’s school at South Kensington, where he stayed 
for some years. Here again his love of order and method proved valuable. He published a 
number of papers in collaboration with Thorpe and Kon, and then worked with a junior 
collaborator. His papers dealt mainly with the formation of tetrahydronaphthalene derivatives 
(with Kon, J., 1921, 87; with Thorpe, ]., 1922, 1717; with Attwood and Thorpe, J., 1923, 1755). 
Following up this work he made the interesting observation that an oxidation product of a 
tetrabydronaphthalene derivative exhibited a novel form of tautomerism, for which the term 
ring-chain tautomerism was coined (with Kon and Thorpe, /., 1922, 650). In the search for 
other examples of such tautomerism Stevenson re-examined an oxidation product of camphor 
known as Balbiano’s acid (loc. cit.) the preparation of which was a particularly arduous piece of 
work. This, and the lengthy preparation of suberone (with Day and Kon, J., 1920, 639), he 
‘undertook cheerfully. 

In the early 1920's Thorpe’s research school was growing rapidly and there arose problems 
in the supply of research chemicals for the numerous students. Stevenson became interested 
in this and for a number of years ran a “ shop ” where ethy! malonate, ethy! cyanoacetate, and 
many other chemicals, procured in bulk, were sold to students without profit. To this task he 
devoted himself with enthusiasm and meticulous care, and many generations of research 
students will remember the somewhat stooping, grey figure of “ Steve,”’ as he was affectionately 
nicknamed, carefully doling out research materials. 

Personally, Stevenson was of a shy and retiring disposition. An old bachelor, he spent much 
of his leisure at the Savile Club and had a vast store of memories about the academic world, 
particularly that centred about his old University, He took a great interest in the careers of 
his friends although he himself was not ambitious and might well have achieved more had he so 
chosen. With his passing we mourn a courteous gentleman of an old and vanishing kind, and 
a very loyal friend. 

G. A. R. Kon. 
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